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When a glass rod is rubbed with silk, it acquires a power to attract light bodies such as, 
small pieces of paper. The objects which acquire the attracting power are said to be 
electrified or charged. Benjamin Franklin demonstrated thar lighting was related ro 
static clectricity. The branch of Physics which deals with static electricity is called 
electrostatics. 


ELECTRIC CHARGES 
AND FIELDS 


All directly experienced forces except the gravitational force are [ 

manifestations of electromagnetic force. &% CHAPTER CHECKLIST 
Electrostatics deals with study of forces, fields and potentials arising from * Electric Charges 

staric charges or charges at rest. In this particular chapter, we will discuss all e Coulomb's Law and 

the above mentioned topics in a detailed form in order to understand them Electrostatic Field 

very thoroughly. * Electric Dipole 


° Electric Flux 


[TOPIC 1| 
Electric Charges 


The physical property of matter thac causes it to experience a force when placed 
in an electromagnetic field is called electric charge. Electric charge is a 
characteristic that accompanies fundamental particles, wherever they exist. 
According to William Gilbert, charge is something possessed by material 
objects thar makes it possible for them to exert clectrical force and respond to 
the electrical force. 

Electric charge is a scalar quantity. 


2 


oF - 7 


y 


Gold Leaf Electroscope 


lis an instrument which detects the electric charges by 
‘means af electrostatic forces. It consists of two gold leaves 
Which are suspended side by side from a conducting rod 
which is held by an insulated support and placed ina 
grounded enclosure, such as a glass jar. When a charge is 
applied to a plate to which the rod is connected, the leaves 
seperate due to their mutual repulsion. One variation involves 
having one fixed plate along with a single leat. 


Metal knob 
Metal rod. 


Gold leaves 


There are two kinds of charges such as positive charge and 
negative charge. : 

An object can attain positive charge by loosing electrons 
while other can attain negative charge by gaining electrons. 
Charges with same sign, i.e. like charges repel each other 
while charges with opposite sign, i.e. unlike charges attract 
each other. 

Charges always reside on the surface of the charged 
conducting object. An object can be charged by different 
methods like friction, conduction and induction. 


Charges can be added and subtracted as a number. 


Conductors and Insulators 

Conductors are those substances which can be used to carry 
or conduct electric charge/electron from one point to other. 
They allow electricity to pass through them easily. 

e.g. Silver, copper, iron, aluminium, etc. 

Insulators are those substances which cannot conduct 
electricity. They are also called dielectrics. They offer high 
resistance to the passage of electricity through them, 

e.g. Glass, rubber, plastic, ebonite, mica, etc. 


Difference between 
Dielectrics and Conductors 


Dielectrics are non-conductors and do not have free 
electrons ar all, while conductors have free electrons in 
their any volume which makes them able to pass the 
electricity through them. 
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Charging by Induction 


The process of charging a neutral body by bringing 


charged body nearby it without making contact between the | 
two bodies is known as charging by induction 
: 


Figures given below are showing the sequential steps of | 


charging a conductor permanently by using th | 
charging by induction, DEB OS aie 


Fig. (a) Fig. (b) Fig (c) 


Using the process of charging by induction, a conductor may | 
be charged permanently. i 


EXAMPLE |1| A comb run through one’s hair attracts 
small bits of paper. What happens, if the hairs are wet orit 
is a rainy day? 
Sol. If the hairs are wet or it is a rainy day, then the friction 
between the hair and the comb reduces. The comb does 
not get charged and it will not attract small bits of paper. 


BASIC PROPERTIES OF 
ELECTRIC CHARGE 


Some basic properties of the electric charge are discussed | 
below 


Additive Nature of Electric Charge 


Electric charge is additive in nature. In general, if a system 
consists of n charges qj. Gar gyrer Gus then the total charge 
of the system will be gy +¢2 +45 to-+ Ine 

In order to calculate the net charge on a system, we have (© 
just add algebraically, all the charges present in the system, 
"This is known as the principle of superposition of charge. 
If the sizes of charged bodies are very small as compared fo 
distance between them, then they can be considered as point 


charges. 


Conservation of Electric Charge 


i isolaced 
the net electric charge of an ba 
(ie, conserved). In simple wo! 

d nor be destroyed. 


During any process, 
system remains constant 
charge can neither be create 


Electric Charges and Fields 


Inany physical process, the charge may get transferred from 
one part of the system to another, but the net charge will 
always remain the same, 


Quantisation of Electric Charge 


The charge on any body can be expressed as an integral 
multiple of basic unit of charge, i.e. charge on one electron, 
This phenomena is called quantisation of electric charge. 


Iccan be written as (q= ne) 


where, = 1, 2,3, ... is any integer, positive or negative and 
¢ is the basic unit of charge. 


The SI unit of charge is called coulomb and denoted by C 
and its value is ¢ = 1602192 x 10°C or L6 X10-C. 


EXAMPLE [2] A polythene piece rubbed with wool is 
found to have a negative charge of 3x10’ C. ‘ 
(i) Estimate the number of electrons transferred from 
which to which? 
(ii) Is there a transfer of mass from wool to polythene? 
NCERT 
Sol (i) Here, q=-3x 10°'C 


* Charge on one electron, ¢ =~ 1.6x10-"°C 
+. Number of electrons transferred from wool to 
polythene piece, 
q _ -3x107C 
e€ -16x10-"C 
(ii) Yes, there isa transfer of mass from wool to polythene 
piece. 
As, mass of each electron, m, = 9x10" kg 


n= = 1.875x.10" 


¢ Mass transferred from wool to polythene, 
m=nx m, = 1.875x10" x 9x 10 


= 


kg 
= 1687x100" kg 


EXAMPLE [3] A copper slab of mass 2 g contains 
2x10"? atoms. The charge on the nucleus of each atom is 
29 e. What fraction of the electrons must be removed from 
the sphere to give it a charge of +2 C? 
Sol Total number of electrons in the slab 
= 29% 2x 10 
Number of electrons removed 
_q_ 2x10"® 
1.6% 10" 
*. Fraction of electrons removed 
__1.25%10" 
© 29% 2x 10" 


1.25% 10” 


= 216x10" 


Difference between Charge and Mass 


The 


differcnce between charge and mass is given in th 


following table 


St ae NE 


Electric charge on a body may Mass of a body 1s a positive 


be positive, negative or zero. 


Charge carried by a body 
doas not depend upon 


quantity, a 
Mass of a body increases with 
™. 


its velocity as m=—72 


velocity of the body. where c is velocity of light in 


Charge is quantised 


Electric charge is always 


vacuum, m is the mass of the 
body moving with velocity v and 
mM, 18 £2 body. 


be established 


Mass is not conserved as it can 
be changed into energy and 


conserved. vice-versa. 

Force between charges can 

be either attractive or The gravitational force between 
repulsive, as charges are two masses is always attractive 


unlike or like charges, 


TOPIC PRACTICE 1 | 


OBJECTIVE Type Questions 


1 


One metallic sphere Ais given positive charge 
whereas another identical metallic sphere B of 
exactly same mass as of Ais given equal 
amount of negative charge. Then, 

(a) mass of A and mass of B still remain equal 

(b) mass of A increases 

(c) mass of B decreases 

(d) mass of B increases 


In general, metallic ropes are suspended from. 

the carriers to the ground which take 

inflammable material. The reason is 

(a) their speed is contralled 

(b) to keep the gravity of the carrier nearer to the 
earth 

(c) to keep the body of the carrier in contact with the 
earth, 

(d) nothing should be placed under the carrier 


4 


3. In charging by induction, 
{a) body to be charged must be an insulator 
(b) body to be charged must be a semiconductor 
(c) body to be charged must be a conductor 
(a) any type of body can be charged by induction 
4. Charge on a body is q, and it is used to charge 
another body by induction. Charge on second 
body is found to be q, after charging. Then, 


@ “221 (vy "224 
a % 
© (@) Bay 
% a: 


5. An object of mass 1 kg contains 4 x 10” atoms. If 
one electron is removed from every atom of the 
solid, the charge gained by the solid of 1 gis 
fa) 28C (b) 64x 107 C 
(©) 3.6x 107 C (a) 9.2x 10% C 

6. Number of electrons present ina negative charge 
of 8 Cis 
(a) 5x10" 
(c)128x10"" 


(b) 25x10” 
(d) 1.6 x10" 


VERY SHORT ANSWER Type Questions 


7. Aglass rod when rubbed with silk cloth acquires 
a charge 1.6x10™° C, What is the charge on the 
silk cloth? 


~ 


Consider three charged bodies A, B andC. If A 
and B repel each other and A attracts C, then 
what is nature of the force between B and C? 


9. What does q, + 92 = 0 signify in electrostatics? 


10. Which property of dielectrics make them 
different from conductors? 


11. Two insulated charged copper spheres A and B of 
identical size have charges q, andqy, 
respectively. A third sphere C of the same size but 
uncharged is brought in contact with the first 
and then in contact with the second and finally 
removed from both. What are the new charges 
on Aand B? 


12, What is the basic cause of quantisation of 
charge? 


13. Can a body has charge 1.5 e, where eis the 
electronic charge? 


Which is bigger, a coulomb of charge or a charge 
onan electron? 
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“An object becomes positively charged 
through the removal of negatively charged 
electrons rather than through the addition of 
Positively charged protons”. Explain, why? 
Aglass object is charged to +3 nC by rubbing it 
with a silk cloth, In this rubbing process, have 


protons been added to the object or have 
electrons been removed from it? 


SHORT ANSWER Type Questions 


17. 


18. 


20. 


21. 


22. 


26. 


27. 
28. 


In filling the gasoline tank of an aeroplane, the 
metal nozzle of hose from the gasoline truck is 
always carefully connected to the metal body 
of the aeroplane by a wire, before the nozzle is 
inserted in the tank. Explain, why? 


Automobile ignition failure occurs in damp 
weather. Explain, why? 


Abird perches on a bare high power line and 
nothing happens to the bird. A man standing 
on the ground touches the same line and gets 
a fatal shock. Why? 


An ebonite rod held in hand can be charged by 
rubbing with flannel but a copper rod cannot 
be charged like this, why? 


Ordinary rubber is an insulator. But the 
special rubber tyres of aircrafts are made 
slightly conducting. Why is this necessary? 


Why does a charged glass rod attract a piece of 
paper? 


Can a charged body attract another uncharged 
body? Explain. 


Can two balls having same kind of charge on 
them attract each other? Explain, 


Can ever the whole excess charge of a body P 
be transferred to the other body Q? If yes, 
how and if not, why? 


When a glass rod is rubbed with a silk cloth, 
charges appear on both. A similar 
phenomenon is observed with many other 
pairs of bodies. Explain, how this observation 
is consistent with the law of conservation of 
charge? NCERT 


Give any two points of difference between 
charge and mass. 


A balloon gets negatively charged by 

rubbing ceilings of a wall. Does this mean that 
the wall is positively charged? Why does the 
balloon eventually fall? 


Electric Charges and Fields 


29. Apaisa coin is made up of Al-Mg alloys and 
weighs 0.75 g. It has a square shape and its 
diagonal measures 17 mm. It is electrically 
neutral and contains equal amount of 
positive and negative charges. Treating the 
paisa coins made up of only Al, find the 
magnitude of equal number of positive and 
negative charges. What conclusion do you 
draw from this magnitude? NCERT Exemplar 


LONG ANSWER Type I Questions 


30. Describe some of the differences between 
charging by induction and charging by, 
contact. . 


31. (i) Explain the meaning of the statement 
“electric charge of a body is quantised”. 

(ii) Why can one ignore quantisation of 
electric charge, when dealing with 
macroscopic, i.e. large scale charges? 


NCERT 
32. 


Two insulated rods A and B are 

oppositely charged on their ends. They are 
mounted at the centres, so that they are 
free to rotate and then held in the position 
shown in the figure, in a view from above. 
The rods rotate in the plane of the paper. 
Will the rods stay in those positions when 
released? If not, then what position(s) will 
they move? Will their final configuration(s) 
be stable? 


Ga) Gas 
A 8 


33. It is now believed that protons and 
neutrons (which constitute nuclei of 
ordinary matter) are themselves built out 
of more elementary units called quarks. 
Aproton and a neutron consist of three 
quarks each. Two types of quarks, so called 


2) 
‘up’ quark (denoted by u) of charge + G e 


and the ‘down’ quark (denoted by d) of 
charge (- 3) e, together with electrons 


build up ordinary matter. (Other types of 
quark have also been found which give rise 
to different unusual varieties of matter). 
Suggest a possible quark composition of a 
proton and a neutron. NCERT 


NUMERICAL PROBLEMS 


34. 


35. 


36. 


37. 


. (@) 2s 


What is the total charge of a system containing five 
charges +1, +2, - 3, +4 and -5 in some arbitrary unit? 


How many electrons are there in one coulomb of 
negative chatge? 


Ametal sphere has a charge of - 64C. When 5x10? 

electrons are removed from the sphere, what would 

be net charge on it? 

Asphere of lead of mass 10 g has net charge 

-2.5x10°C. 

(i) Find the number of excess electrons on the 
sphere. 

(i) How many excess electrons are per lead atom? 


Atomic number of lead is 82 and its atomic mass 
is 207 g/mol. 


HINTS AND SOLUTIONS 


. (4) When a body is negatively charged more electrons are 


given to it, so its mass increases. 


. (c) During its motion, body of carrier is charged due to 


rubbing with dry air and dust. If spark occurs near container, 

then inflammable material may catch fire. So, metallic ropes 

are suspended so that excess charge flows away from carrier, 1 
to ground (for earthing). i 


. (c) Induction requires shifting of free charge carrier which are 


present only in conductors, 


a 
= 9 Oh 
Le Seccnd ee 


First DOOY | 


body 4 
AO 


Numerically, q2q; =2 “21 
q 


(b) Here, number of electrons removed in 1 g 
= number of atoms in 1 g 


4x10” 
10° 


4x10" 


or ns 


eeCharge, q= ne =4 x10" x 16x10" = 6.4 x10 C 


. (a) Given, charge, q =8C and 


charge of electron, ¢ = 1.6 x10"'C 
+. Charge, q = ne 


W 
1 
w 
x 
S 


c. Number of electrons, n= = 0 
e 


= 


. Silk cloth will also acquire a charge 1.6107" C, 
However, it will be negative in nature, 
8. Itis also attractive in nature. 
9, The charges g, and q, are equal and opposite. 
10. Dielectrics do not have free electrons at all. They offer, 


high resistance to passage of electricity through them. 
cg. Glass, rubber, plastic, ete. 


LL. When sphere C is brought in contact with A, then 
charge on sphere C, 


= Gat da 
eee : 
and new charge on sphere A, qi, = % 
When sphere C is brought in contact with B, then charge 
on sphere C, 
Ws 
fay 
gee cede = 72 fe 
a 2 2 
' = 94+ 2Gn 
4 


<. New charge on sphere B, qf, = en 


12, The basic cause of quantisation of charge is only the 
integral number of electrons which is transferred from 
one body to another, i.e, + ne. 

13. No, a body cannot have charge 1.5¢. It is because the 
physically existing charge is always an integral multiple 
of, i¢.1.6% 107 C. 

14. We know that, = ne 


=> 1=nx16x10"" [given, q =1C) 


ie: =—— =6x10" 
16x10 
wIC is the charge of 6x10" electrons, 
So, a coulomb of charge is bigger than the charge on an 
electron. 


15. In ordinary matter, a positive charge is much less mobile 
than a negative charge. For this reason, an object 
becomes positively charged through the removal of 
negatively charged electrons rather than through the 
addition of positively charged protons, 

16. Electrons have been removed from the object, 


17. Since, the aeroplane and the gasoline truck usually have 
wheels with rubber tyres, they are insulated from the 
ground. Further, the service ramps are usually made of 
concrete and are not necessarily good conductors to the 
earth. Therefore, inspite of grounding metallic ropes, the 
aeroplane and the truck could remain charged. 

18. The insulating porcelain of the spark plugs accumulates 
a film of dirt. 


19. 


20. 


21. 


22. 


23. 


24, 


25. 
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The surface ditt is hygroscopic and picks up moisture from 
the air, Therefore, in humid weather, the insulating 
porcelain of the plugs becomes quasi-conductor. 

This allows an appreciable proportion of the spark to 
leak across the surface of the plug instead of discharging 
across the gap. 

When a bird is perched on a bare high power line, the 
circuit does not get completed between the bird and the 
earth, therefore nothing happens to the bird 

When a man standing on ground touches the same line, 
the circuit between the man and the earth gets 
completed. As a result, he gets a fatal shock. 


Both the human body and the copper rod conduct 
electricity. When it is attempted to charge a copper rod 
by rubbing, the charge flows from the rod to the earth 
through the hand. However, when ebonite rod is 
charged by rubbing, the charges so produced stay on the 
ebonite rod as it is a bad conductor of electricity. 


During landing or take off, the tyres of aircrafts get 
charged due to the friction between tyres and ground. In 
case, the tyres are slightly conducting, the charge 
developed on the tyres will not stay on them and it finds 
its way to the earth, 


Paper is a dielectric, so when a positively charged glass 
rod is brought near it, atoms of paper get polarised, with 


centre of negative charge of atoms coming closer'to the 
glass rod, 5 


E 
a Paper 


Therefore, force of attraction F, between glass rod and 
piece of paper becomes greater than the force of 
repulsion F, between the glass rod and the piece of 
Paper. This results in attraction of the piece of paper 
towards the glass rod. 


Yes, because when a charged body is brought near to 
uncharged body, opposite kind of induced charge is 
produced on an uncharged body. Therefore, the charged 
body attracts the uncharged body. 


Yes, two balls having same kind of charge can attract 
each other, If any one of them has more charge as 
compared to the other, then duc to the induction, they 
induce opposite kind of charges on the faces of each 
other when they are brought nearer, Therefore, they 
behave as oppositely charged balls and hence they 
attract each other. 


Yes, the whole charge of a body P ean be transferred toa 
‘conducting body Q, when P is enclosed by Q and is 
connected to it, This is because the charge always 
resides on the outer surface of the conductor. 


Electric Charges and Fields 


26. 


27. 
28. 


29. 


30. 


31. 


When a glass rod is rubbed with a silk cloth, charges 
appear on both, these charges are equal in magnitude and 
opposite in sign, so that algebraic sum of the charges 
produced on both is zero, The net charge on the two 
bodies was zero even before rubbing them. Thus, we find 
that charges can be created only in equal and unlike pairs. 
This is consistent with the law of conservation of charge, 


Refer to text on page 3. 

No, this does not imply that the wall is positively charged. 
The balloon induces a charge of opposite sign in the 
ceiling of the wall, causing the balloon and the ceiling to 
be attracted to each other. The balloon eventually falls 
because its charge slowly diminishes as it leaks to ground. 
Some of the charge on the balloon could also be lost due to 
the presence of positive ions in the surrounding 
atmosphere, which would tend to neutralise the negative 
charges on the balloon. 

Given, mass of a paisa coin, m = 0.75 g 


Atomic mass of aluminium, Mf = 26.9815 g 

Length of the diagonal of square shaped paisa coin=17 mm 
Avogadro's number, N = 6.023% 10° 

_ 6.023 10" 
"26.9815 ¢ 


Na 
= n=-4xm 
M 


0.75 g= 1.6742 10? 
Since, atomic number (Z) of Al is 13, therefore each atom of 
Al contains 13 protons and 13 electrons. Now, find out the 
magnitude of positive and negative charges present in one 
paisa coin, 

nZe= 1.6742 10" x 13 16x 107" C= 34.8 kC 

Now, write the conclusion drawn from this magnitude of 

charge. 

34.8KC isa very large amount of charge. This concludes 

that ordinary neutral matter contains an enormously large 

amount of positive and negative charges. 

(i) When an object is charged by induction, there is no 
physical contact between the object being charged and 
the object used to do the charging. In contrast, charging 
by contact, as the name implies, involves the direct 
physical contact to transfer charge from one object to 
the another, 

(ii) When an object is charged by induction, the sign of the 
charge that the object acquires is opposite to that of the 
object used to do the charging. Charging by contact 
gives the object being charged the same sign of charge 
as the original charged object. 

(i) Refer to text on page 3. 

(ii) In practice, the charge on a charged body is very 
large. On the other hand, the charge on an electron is 
very small. When electrons are added to a body or 
removed from a body, the change taking place in the 
total charge on the body is so small that the charge 
seems lo be varying in a continuous manner, 
Therefore, quantisation of electric charge can be 
ignored, when dealing with a large seale charged 
body. 


32. Initially, the configuration shown is unstable. The 
negative charges repel each other. If there is any 
slight rotation of one of the rods, the repulsion can 
result in further rotation away from this 
configuration. 

There are three possible final configurations as shown 


below. 
+ + [I 
‘la [ele la le 
fa) {b) 


A 
(c) 
Configuration (A) is stable. If the positive upper ends 
of both the rods are pushed towards each other, then 
their mutual repulsion will move the system back to 
the original configuration. Configuration (8) is an 
equilibrium configuration, but it is unstable. If the 
lower ends of both the rods are moved towards each 
other, then their mutual attraction will be larger than 
that of the upper ends and thus, the configuration will 
shift to (c), another possible stable configuration. 
33, For the protons, the charge on proton is +e. 


If the number of up quarks are a, then the number of 
down quarks are (3 — a) as the total number of quarks 
are 3, So, aX up quark charge + (3 — a) down quark 


charge) = +e 


r(i)oona 


2 s 

= dae _(3-Me =, §, 22 340=3 
3 3 

4 sa=6 

= a=2 


Thus, in the proton, there are two up quarks and one 
down quark 


«. Possible quark composition for proton = uud. 

For the neutron, the charge on neutron is 0, 

Let the number of up quarks be band the number of 
down quarks be 3 - b. 

So, 0X up quark charge + (3 - 6) down quark charge 


=0 

2e e 

| = |+(3~b)|-=]= 
= (2}+o-n(-£}-o 
> 2b-3+b=0 
= 3b=3 
= be 


“Thus, in neutron, there is one up quark and two down 
quarks. 


J+ Possible quark composition for neutron = udd. 


8 


34. As charges are additive in nature, ic. the total charge of 
‘asystem.is the algebraic sum of all the individual 
charges located at different points inside the system, ie. 

Foe = +92 +93 +94 +495, 
+. Total charge = +1 + 2-344 —5 = —1 in the same unit. 

85. The negative charge is due to the presence of excess 
electrons. Because an electron has a charge whose 
magnitude is e = 1.6x10""° C, the number of electrons is 
‘equal to the charge q divided by the charge e on each 


electron. 
Therefore, the number of electrons is 
n= t=) 6.25310" electrons 
e 16x10" 


36. Here, g,=—6nC 

and g,=ne=5x 10" x (1.6x10") 
0x 107C 
8X 10° C= 0.8uC 


Since, electrons are removed from the sphere, q, is 
positive. 


ITOPIC 2| 
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Therefore, net charge on the sphere, 
I=Uth 

(— 6.0+ 0.8) WC 

=~5.2uC 

37. (i) The charge of an electron = —16x10"C 
Net charge on sphere = — 2.5x10°C 
So, the number of excess electrons 


15x10" electrons 


(ii) Atomic number of lead is 82. 
Atomic mass of lead is 207 g/mol. 
+. 10 g of lead will have 

10g 
207 g/mol 
= 2.9110” atoms 
+. The number of excess electrons per atom 
_ 156x10" 
© 2.91%10" 
= 5.3610" electrons 


' 
6.0210" atoms/mol 


Coulomb’s Law and Electrostatic Field 


COULOMB’S LAW 


The force of interaction (attraction or repulsion) between 
two stationary point charges in vacuum is 
Proportional to the product of the charges and i 
Proportional to the square of distance betwee: 
Mathematically, electrosta 
charges is given by 


directly 
inversely 
‘nn them. 
tic force between two stationary 


os 
a 


where, kis a Proportionality constant. 
In SI unit, & is given by 


ke 


47 9 
=9x 10° N-m?C? 


where, €) =8.85 x 107!” C?N“!m ~ and is called the 
permittivity of free space. 


ies, F=9 x 199/022! 
F 
The Coulomb force acts along the straight line connecting 


the points of location of the charges. It is central and 
spherically symmetric. 


If =42 =1C 
and r=im 
Then, F=9x109 2! 
q)- 
F=9x10°N 


ie, One coulomb is the charge, that when placed at 
distance of 1m from another charge of same magnitude in 
vacuum, experiences an electric force of repulsion of 
magnitude 9 x 10” N, Coulomb is a bigger unit, in practice 
we use smaller units like mC or 1C, | 


Electric Charges and Fields 


Absolute Permittivity of Medium 
(Dielectric Constant) i 


The force between two charges q, and q, located at a 
distance r apart in a medium may be expressed as, 


—_! lagal 
Fredium ~Fne p? 


where, € is absolute permittivity of the medium. 


1 laaal 
a Feacuum _ 4% q or? 
: Frredium _' Inga] €5 
4ne 7? 


a. Bs or . 
The ratio Pag denoted by €,, which is called relative 
° 

permittivity of the medium with respect to vacuum. It is 
also denoted by K called dielectric constant of the medium. 
It has no unit being a ratio. 


F, 


‘vacuum 


€ 
K (ore,)=— = 
89 Frmedium 


Coulomb’s Law in Vector Form 


Consider two like charges , and q> present at points A and 
B respectively in vacuum at a distance r apart. 
$1 
Al 7 1B 
he a) 
eg 
a 9 

Coulomb force between two charges 

According to Coulomb's law, the magnitude of force on 


charge g due to g) (or on charge gz due to g,) is given by 
1 Mn i 
Faz oh wl 


3 4ney or? 
Let n> be the unit vector pointing from charge g, to 4. 
nee ILE (ii) 


2 
4me, or? 
(Fj, isalong the direction of unit vector r2,] 


Also, r, be the unit vector pointing from charge g, toq,. « 
1 Wh» 
F,=— 7}, 

1 4ney r? id 


[- Fo, is along the direction of unit vector 1] 


f=-in 


Eq, (ii) becomes, 


= M4, wiv) 
r 


Fue tne 
0 


On comparing Eq. (iii) with Eq. (iv), we get 
Fy. =-Fy 
ie. Coulomb's law agrees with Newton’s third law. 


Comparison of Coulomb’s 
Law with Gravitational Law 


Both the Coulomb’s and Newton's law follow inverse 
square law. According to Newton's universal law of 
gravitation, “every body in the universe attracts every other 
body with a force which is directly proportional to the 
product of the masses of ewo bodies and inversely 
proportional to the square of distance between them.” ie. 
Gmm, 


= 
As. discussed earlier, according to Coulomb's law 


p ahh 
a 
The electric force is much stronger than the gravitational 


force between two electrons. 
. =)0 
ie. Fe =10" Fg 


Pe 


EXAMPLE |1| What is the force between two small 

charged spheres having charges of 2x107C and 

31077 C placed 30 cm apart in air? 
Sol. Given,q, =2x107C 
qy =3X107C 


NCERT 


=03m 


a | wali) 


“ane, 
Substituting the given values in Eq. (i), we get 
re (9x10°N-m?C™?)(2x1077C)x(3x107 C) 


(0.3m)? 
F=6x10°N 
This force is repulsive, since the spheres have same 
charges, 
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EXAMPLE |2|The sum of two point charges is 7)1C. 
They repel each other with a force of 1 N when kept 30 cm 
apart in free space. Calculate the value of each charge. 

Forelgn 2009 
Sol Let one of two charges be xuC. Therefore, other charge 
will be (7 —x)pC. 
By Coulomb's law, 


a1) 4 
4ne, r* 
be 12 9x 107 y¢ XXIOM7= x) x 107% 
(0.3)? 

=> 9x10 =9 10°"? x(7'— x) 
= 10 = x(7- x) 
= x? -7x41 
=> (x-2)(x-5)=0 


= x=2pC or 5nC 
“Therefore, charges are 2C and 5pC. 


FORCES BETWEEN MULTIPLE 
CHARGES: SUPERPOSITION 
PRINCIPLE 


According to the superposition principle, forces on any 
charge due to number of other charges is the vector sum of 
all the forces on that charge due to other charges, taken one 
ata time. The individual forces are unaffected due to the 
presence of other charges. 

Consider a system of point chargesq,, Fin Fis Fre 
92> 93-+-14,, be distributed in space in 
a discrete manner. The charges are 
interacting with each other. Let the 
charges be 93,g31.-.+g, exert forces 


4 
F,,,F,3,.-.,Fj,s respectively on charge vn 
q ho tal 


Then, according to the principle of 
superposition, the total force on charge 
q, is given by 92 43 

F, =F, +F,,4...+F,, vali) 
If the distance between the charges q, and q, is denoted as 
72 and f,, is unit vector from charge q, to g,, then 


1 N92. 
Fy = . f, 
vane, ri 7 


Similarly, the force on charge q, due to other charges is 
given by 
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Substituting these values in Eq.(i),.we get ] 


_ 1 {192 93. 10.) 
na 2 Paty Byte te 


ma ty ‘at 


Note This force is on the charge which is to be studied due to other 
charges. 


EXAMPLE |3|Two charges each of +¢ Coulomb are 
placed along a line. A third charge —q is placed between 
them. At what position will the system be in equilibrium? 


Sol. Ie x et xt 


For charge ~g to be in equilibrium, force on the charge 
—q at point O due to the charge +Q at point A should be 
equal and opposite to that due to the charge +Q at the 


point B, ie, —— 22 -_1__a_ 
4me, x° Ane, (r— x) 
=> x? =(r—x)* 
or xerox 
r 
gol 
2 


Hence, for equilibrium the charge —q should be kept at 
the middle of the line joining the points A and B. 


EXAMPLE |4| Find the magnitude of the resultant 
force on a charge of 11C held at P due to two charges of 
+2x10°°C and—10*C at A and B, respectively. 


Given, AP = 10cm, BP=5cm and ZAPB = 90°, 
fy 


Sol. Here, charge at P, q =1,KC =10°°C 
Charge at A, q, = 2x 107°C 
Charge at B, q, =-107°C 


AP= 10cm= 0.1m, BP= 5. cm=0.05 m, 
ZAPB=90°,F =? 


i 


1499 
Force at P due tog, charge at A, F, = ——-2%, along 
ie tog, charg 1” anes AP 


9x 10” x 2x 10°* x 107 * 


AP produced = 
# (0.1)? 


=18x 10°N 


Electric Charges and Fields 


Force at Pdue to q, charge at B, F, = —1_ 29, along 
dm ey BP? 

9x 10° x10" x 107% 
(0.057 
As, angle between F, and F, is 90°, 

2. Resultant force, 


Far? + F2 = sx10)? + (36x10 
= y(324 +1296) x10 
vhie20 x10 


=4.0x107°N 


PB produced = =-36% 107N 


EXAMPLE [5|Two equal positive charges, each of 2uC 
interact with a third positive charge of 3uC situated as 
shown in figure. Calculate the magnitude and direction of 
the force on the 3y1C charge. NCERT 
Sol. In the figure, OA = OB=3m, OP =4m 


2uC 


eaaa ee 


wo 


. AP= BP = 3 +4? =5m 
According to Coulomb’s law, 
force on charge at P due to charge at A, 
Ret ah 
4m&, AP? 
_ 9410" %(2%107°) x(3x107°) = 19 
° 25 

= 2.16% 107 N, along PA’. 
It has two rectangular components F, cos @ along PX and 
F, sin @ along PY”. 
Similarly, force on charge at P due to charge at B, F, = Fy 
(in magnitude). It is along PB’. It also has two rectangular 
component F, cos @ along PX and F, sin @ along PY. 
The components along PY and PY’ cancel. The 
components along PX add up. 
+. Total force on 3}1C charge is 

F =2F, cos @ 


4 
= 2x 26X10 XE 


=3.5x 10° N, along PX. 


il 


ELECTROSTATIC FORCE DUE 
TO CONTINUOUS CHARGE 
DISTRIBUTION 


The region in which charges are closely spaced is said to 
have continuous distribution of charge. Continuous 
charge distribution is of three types; linear charge 
distribution (one dimensional), surface charge distribution 
(two dimensional) and volume charge distribution (three 
dimensional). 


Linear Charge Density 


Linear charge density is defined as the charge per unit 
length of linear charge distribution. 


ie. ==> 


Its SI unit is coulomb/metre. 
Electric force at a point due to a linear charge distribution is 


given by = Ji 


where, rg = r— 1’, r’ is the position vector of length element 
dl with respect to origin and r is the position vector of 
charge qq with respect to origin. 


Surface Charge Density 


Surface charge density is defined as the charge per unit 
surface area of surface charge distribution. 


ie. o=— 
Its $1 unit is coulomb/metre. 


Electric force ata point due to a surface charge distribution 
is given by 


qo pods 
Fe 
ine, n° 


where, tg=r-r', r’ is the 
position vector of surface 
clement dS with respect to 
origin and r is the position 
vector of charge gy with 
respect to origin. 
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Volume Charge Density 


Volume charge density is defined as the charge per unit 
volume of volume charge distribution. 


ie. = 


Its SI unit is coulomb/merre’. 
Electric force at.a point duc to volume charge distribution is 
given by 
, 
F- 2 pal 
4re, *! 


where, ty=r-r’,r’ is the 
position vector of volume 
element dV with respect to 
origin and r is the position 
vector of charge gy with Z 
respect to origin. 

EXAMPLE |6| What charge would be required to 
electrify a sphere of radius 25 cm, so as to get a surface 


charge density of? cm? 


Sol. Here, r= 25em=025m,0 = 2 Cm* 
4 


q 
As, o=—t_ 
4x 


q=4nr'o =4n x (0.25) x3c=o75¢ 
nr 


EXAMPLE |7! The radius of gold nucleus (2 =79) is 

about 7.0x10""*m. Assuming that the positive charge is 

distributed uniformly throughout the nuclear volume, 

find the volume charge density, 

Sol. The total positive charge in the nucleus is given by 
9=+Ze=79x1.6x10 "C 


+ Volume charge density, 5 = = 4 


mR 
3 


79 x1.6x10 
4/3% 3.14 «(7.0% 109)? 
= 0.088 x 10% 
= 88x10" Cm? 


ELECTRIC FIELD 


The electric field due to a charge Q ata point in space may 
be defined as the force thar a unit Positive charge would 
experience if placed at that point. 
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The charge Q which produces the electric field is calleg 
source charge and the charge q which experiences the effecy 


of source charge is called test charge. 


Electric Field Intensity 


The electric field intensity at any point due to source charge 
is defined as the force experienced per unit positive tese 
charge placed at that point without disturbing the source 


charge. 


F 
Te is expressed as, E = — 
qo 


where, E = electric field intensity and 
and F = force experienced by the test charge qo. 
Iv is a vector quantity and its SI unit is NC7!. 


al 
electric field vector is directed radially Me Ke 
outwards, i.e, away from positive 


charge. @) 


The figure (b) is representing the J 
J 


electric field due to charge —g. In 
(b) 


The figure (a) is representing the electric 
field due to charge+q. In this, it can be 
seen that for a positive charge, the 


this, it can be seen that for a negative 
charge, the electric field vector is 
directed radially inwards, i.e. towards 
negative charge. 


Electric Field due to a 
Point Charge 


We have to find the electric field aca point P due toa point 
charge + placed at the origin such that OP =r, 


Electric field due toa Point charge in coordinate frame 


To find the electric field at point P, we have to find the 
electric force on a test charge qq placed at point P, due to 
source charge q. 

According to Coulomb's law, force on the test charge Jo 
due to charge g is given by 


Electric Charges and Fields 


1 ot qo 


im | —-—— 


0 (gy Amer? 


vei) 


‘The magnitude of the electric field at a point P is given by 


From the above formula, it is clear thar electric field at any 
point in space due to a charge depends only on the distance. 
That means, the magnitude of electric field due to point 
charge is same at all the points of sphere, ice. it has spherical 
symmetry. 


EXAMPLE [8| A conducting sphere of radius 10 cm has 
an unknown charge. If the electric field 20 cm from the 
centre of the sphere is 1.5 x 10° N/C and points radially 
inwards, then what is the net charge on the sphere? 
NCERT 
Sol. Let the value of unknown charge be g. 
Electric field at 20 cm away, E =1.5 10° N/C 


From the formula, electric field, 


pest” 

ane, r° 
signin 2 ee 
(20 x10" *)* 


2 4 

1.5 x10" * 20 x00 x 10" _ 67x 10°C 
9x10 

As the electric field is radially inwards which shows that 


the nature of unknown charge q is negative. 
Electric Field due to System 
of Charges 


Consider that » point charges 41» 2» 93» exe 
F,,F,,Fy,...,F, oma test charge go placed at origin O. 


Let F, be the force due to ith charge g; on qo, then 
1 90, 


van Gy exert forces 
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where, 1) is the distance of the test charge yp from 4;- 


x 
‘2 | *an 
4 


The electric field ar the observation point P is given by 


E, = lim £4 = tim] {1.2 5, 
40 %Gy 7 qo (ATE, oF; 


eo Be wi) 


IFE is electric field at point P due to the system of charges, 
then by principle of superposition of electric fields, 


E=E,tE,+E,+--+E, = ZE, 


Using Eq. (i), we get 


or 


s. Eis a vector quantity. 


EXAMPLE |9| Two charges +Q and —Qare kept at points 
(-x;,0) and (x,,0) respectively, in the XY-plane. Find the 
magnitude and direction of the net electric field at the 
origin (0,0). All India 2009 


| Hints: To find the electric field intensity at a point due to 

| two charges, first of all find the individual electric field due 
| to both charges and then find the resultant field by using 

| vector addition. 


Sol, b+ 
A 8 


0 0 6& -o 


as 
(X50) (0) 


— | 


Electric field intensity at point O due to +Q charge, 


py = x2 (towards B) fi) 
ane, “(x 
Electric field intensity at point O due to —Q charge, 
£, = x2 cowards 8) ii) 
ane,” (x) : 


+E, and E, act along the same direction. 
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+ Net electric field intensity at point O is given by 
E=E,+E; 

=x 2 tx 2 (owardss) 

ame, (xz ame) (x) 


-£| 


ane, 


EXAMPLE |10| Two point charges +@ and +4@ are 
separated by a distance of 6a. Find the point on the line 
joining the two charges, where the electric field is zero. 


Sol. The electric field is zero at point P only, if the field due to 
charge + Q balances the field due to charge + 40. 
+40 


+Q+——P——6a 


te x +e (6 J 


.1 9/1 @ 
"ane, x? 4m€) (6a—x)* 
iy 2 
x (6a—x) 
=> 2x =6a~x 
=> x=2a 


<. The required point is at a distance of 2a from + Q. 


Physical Significance of Electric Field 
The physical significance of electric field is that we can 
readily calculate the magnitude and direction of force 
experienced by any charge qo placed at a point by knowing 
the electric field intensity at that point. 


ELECTRIC FIELD LINES 


An electric field line in general is a curve drawn in such a 
way thar the tangent to it at each point is in the direction of 
the electric field at that point. A field line is a space curve, 
ive. a curve in three dimensions. 

Electric field lines are thus used to pictorially map the 
electric field around a charge or a configuration of charges. 


Field lines showing electric field 
of a point charge 


| 
| 
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‘The density of ficld lines is more near the charge. Away| 


from the charge, the field is weak, so the density of field 


lines is less. 


Properties of Electric Field Lines ] 

Electric field lines follow some important properties which 
are discussed below 

(i) Electric field lines stare from positive charges and end 

at negative charges. In the case ofa single charge, they | 

may start or end at infinity. | 

(ii) Tangent to any point on electric field lines shows the 
direction of electric field at that point. 

(iii) Two field lines can never intersect each other because 
if they intersect, then two tangents drawn at that point 
will represent two directions of field at that point, 
which is not possible. 

(iv) Ina charge free region, electric field lines can be taken 
to be continuous curves without any breaks. 

(v) Electric field lines do not form closed loops (because 
of conservative nature of electric field). 

(vi) Electric field lines are perpendicular to the surface of 
a charged conductor. 

(vii) Electric field lines contract lengchwise to represent 
attraction between two unlike charges. 

(viii) Electric field lines exert sideways pressure to represent 
repulsion between two like charges. 


Note Electric field lines and its properties have been generally 
asked in the form of questions in previous years. All India 2014, 
2011, Delhi 2012 


Representations of Electric Field 


For different types of electric field, lines are represented as 


shown below 
E 


idl) A 


Electric field lines for 
anon-uniform field 


Electric field lines for 
a uniform field 


The electric field lines start from positive charges and end at 
negative charges. 


Direction is towards 
the negative charge 


Direction is away 
from the positive charge 
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L = TOPIC PRACTICE 2.| 
H AN OBJECTIVE Type Questions 


(a) ) 1. St unit of electrical permittivity is 
A : (a) N-m2C~? (b) Am? (NC (4) C*N“'m? 
It is a common misconception that the path traced by a 


positive charge is a field line. The path traced by a unit + Force between two charges varies with distance 
positive test charge represents a field line only when it between them as 
moves along a straight line. f F 
EXAMPLE |11] Explain, why the following curves (a) se (b) 
cannot possibly represent electrostatic field lines?NCERT : 
7 7 
F Fe ’ 
© oe @ é 
r 7 r 


3. Two charges +11C and +4pC are situated at a 
distance in air. The ratio of the forces acting on 
them is 

(a)i:4 (ob) 4:1 () tel (d) 1:16 


4. Acharge q is placed at the centre of the line 
joining two equal charges Q and Q. The system 
of the three charges will be in equilibrium, if is 


Sol. (a) Electrostatic field lines cannot start from a negative 
charge. 
(®) Electrostatic field lines cannot end at positive charge. 


(c) Electrostatic field lines cannot form closed loops. equal to 
(a)-Q@/2 (bt)-O/4 ()+O/4 (+ O/2 
Conductors in an Electrostatic Field 5. In figure two positive charges q, and q, fixed 
(i) Electric field lines do not pass through a conductor. along the y-axis, exert a net electric force in the 
Hence, the interior of the conductor is free from the + x-direction on a charge q, fixed along the 
influence of the electric field. a-axis. If a positive charge Q is added at (x, 0), 
E E the force on q, NCERT Exemplar 
> + - y 
+ sod or hallow |-— 0 0) 
t———} conductor ~[-——| a 
f+} _nolield [+ —+| 
= x 
+ a 
Electrostatic shielding % 
3 
(ii) Total charge of a charged conductor lies at the outer (a) shall increase along the positive x-axi 
surface of the conductor. (b) shall decrease along the positive x 
(iii) The magnitude of field strength at any point on the (c) shall point along the negative xa 
surface of the conductor is proportional to surface (a) shall inc but the direction changes because of 


charge density at that point. the intersection of Q with q, and q, 
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6. A force of 2.25 N acts on a chrage of 15x 10 C, 
The intensity of electric field at that point is 
{a) 150 NC* (b) 15NC™ 
(c) 1500 NC“! @) 15NC 


7. In the diagram shown below, 


P. 


Q 


(a) field strength at P is less than field strength at Q 
(b) field strength at P and Q are equal 

(c) field is more strong at P and less strong at Q 

(d) cannot be tell from the figure 


8. A point positive charge is brought near an 
isolated conducting sphere (figure). The electric 


field is best given by NCERT Exemplar 
* rn 
+9 +9 MZ 
+4 
fa) (b) () (d) 


9. Ahemisphere is uniformly charged. The electric 
field at a point on a diameter away from the 
centre is directed NCERT Exemplar 
(a) perpendicular to the diameter 
(b) parallel to the diameter 
(c) at an angle tilted towards the diameter 
(d) at an angle tilted away from the diameter 


10. A point charge + is placed at a distance d from 
an isolated conducting plane. The field at a 
point P on the other side of the plane is 

NCERT Exemplar 
(a) directed perpendicular to the plane and away from 
the plane 
(b) directed perpendicular to the plane but towards 
the plane 
(c) directed radially away from the point charge 
(4) directed radially towards the point charge 


| AllZnone | PHYSICS Class 12th 


VERY SHORT ANSWER Type Questions 
1 


Does the Coulomb force that one charge exerts 


on another charge changes, if other charge is 
brought nearby? 


12. In Coulomb's law, F = Kedda what are the 
r 
factors on which the proportionality constant &, 
depends? 


13, 


If the distance between two equal point charges 
is doubled and their individual charges are also 


doubled, then what would happen to the force 
between them? 


14. 


A metallic spherical shell has an inner radius R, 
and outer radius R,. A charge Q is placed at the 
centre of the spherical cavity. What will be 
surface charge density on (i) the inner surface 
and (ii) the outer surface? NCERT Exemplar 


The test charge used to measure electric field at 
a point should be vanishingly small. Why? 


15. 
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Apoint charge q is placed at the origin. How 
does the electric field due to the charge vary 
with the distance r from the origin? 


17. Force experienced by an electron in an electric 
field is F newton. What will be the force 
experienced by a proton in the same field? 
Take, mass of a proton is 1836 times the mass of 
an electron, 


18. Two point charges of + 3uC each are 100 cm 
apart. At what point on the line joining the 
charges will the electric field intensity be zero? 


19. A proton is placed in a uniform electric field 
directed along a positive X-axis. In which 
direction will it tend to move? 


20. Why electrostatic field be normal to the surface 
at every point of a charged conductor? 


21. An electrostatic field line is continuous curve, i. 
a field line cannot have sudden breaks. Why not? 


22. Why should electrostatic field be zero inside a 
conductor? 


23. Why do the electric field lines not form closed 
loops? Delhi 2015 


24. The dimensions of an atom are of the order of 
an angstrom. Thus, there must be large electric 
fields between the protons and electrons. Why, 
then is the electrostatic field inside a conductor 
zero? NCERT Exemplar 


Blectric Charges and Fields 


SHORT ANSWER Type Questions 


25. 


26. 


27. 


28. 


29. 


In the given statement, point out the correct or 
incorrect word or phrase with a proper 
explanation. 

“The mutual forces between two charges do not 
get affected by the presence of other charges.” 


Plot a graph showing the variation of 
Coulomb's force (F) versus 1/r?, where r is the 
distance between the two charges of each pair 
of charges (IWC, 24C) and (IC, - 3)1C), Interpret 
the graphs obtained. 


Acharge q is placed at the centre of the line 


joining two equal charges (Q). Show that the 
system of three charges will be in equilibrium, if 


L eager 

An uncharged metallic ball is suspended in the 
region between two vertical metal plates. If the 
two plates are charged, one positively and one 
negatively, then describe the motion of the ball 
after it is brought into contact with one of the 
plates. 


Sketch the electric field lines for a uniformly 
charged hollow cylinder as shown in the figure. 
NCERT Exemplar 


+P Pe 


+ 
4 
+ 
+ 
+ 
+ 


LONG ANSWER Type I Questions 


30. 


31 


32. 


Check that the ratio ke?/Gmyny, is 


dimensionless. 

Look up a table of physical constants and 
determine the value of this ratio. What does the 
ratio signify? NCERT 
Consider three charges Q,, 7, Q3 each equal to 
Qat the vertices of an equilateral triangle of 
side a. What is the force on a charge q (with the 
same sign as q) placed at the centroid of the 
triangle? NCERT 
An oil drop of 12 excess electrons is held 


stationary under a constant electric field of 
2.55 x 104 N/C in Millikan’s oil drop experiment, 
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‘The density of the oil is 1.26 g/cm*, Estimate the 
radius of the drop. 


(Take, g = 9.81 m/s”, e= 1.6% 10°C), NCERT 


33. Five charges, q each are placed at the corners of 


regular pentagon of side a as shown in the 
figure. 


(i) (a) What will be the electric field at O, the 

centre of the pentagon? 

(b) What will be the electric field at O, if the 
charge from one of the corners (say A) is 
removed? 

(c) What will be the electric field at O, if the 
charge q at Ais replaced by -q? 

(ii) How would your answer be affected, if 
pentagon is replaced by n-sided regular 
polygon with charge q at each of its corners? 

NCERT Exemplar 


34. Figure shows the electric field lines around 


three point charges A, B and C. 


\ 


7 


CR) 


(i) Which charges are positive? 
(ii) Which charge has the largest magnitude? 
Why? 
(iii) In which region or regions of the picture 
could the electric field be zero? Justify your 


answer. NCERT Exemplar 
(a) Near A (b) Near B 
(c) NearC (a) Nowhere 


LONG ANSWER Type II Questions 
35. Four point charges q , =2nC,qg = -SuC, 


Qe =2sC and qy =~ SC are located at the 
corners of a square ABCD of side 10 cm. What is 
the force on a charge of LC placed at the centre 
of the square? NCERT 
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36. A free pith-ball of § g carries a positive charge 
of Sx 10°C What must be the nature and 
magnitude of charge that should be given to a 
second pith-ball fixed 5 cm vertically below the 


| AllZxone | PHYSICS Class 121, 


and finally removed from both, What is the new 
force of repulsion between A and B? NCERT 


45. Figure represents a crystal unit of caesium 


chloride CsCl, The caesium atoms, represented 


former pith-ball, so that the upper pith-ball is 
stationary? All India 2011 


NUMERICAL PROBLEMS 


37. The dielectric constant of water is 80. What is 
its permittivity? 


by open circles are situated at the corners of a 
cube of side 0.40 nm, whereas a Cl atom is 
situated at the centre of the cube. The Cs atoms 
are deficient in one electron while the Cl atom 
carries an excess electron. 


38. Two equal balls having equal positive charge 
q coulombs are suspended by two insulating 
strings of equal length. What would be the 
effect on the force when a plastic sheet is 
inserted between the two? All India 2014 


0.40 nm 
39. Two point charges having equal charges eGeh eC 
separated by 1 m distance experience a force of (i) What is the net electric field on the Cl atom 
8 N. What will be the force experienced by due to eight Cs atoms? 
them, if they are held in water, at the same (ii) Suppose that the Cs atom at the corner Ais 
distance? (Given, Kyte, = 80) All India 2011 missing. What is the net force now on the Cl 
atom due to seven remaining Cs atoms? 


40. Acharge q =1pC is placed at point 
La eed Lies NCERT Exemplar 


(1m, 2m, 4 m). Find the electric field at point 
P(Om,-4m, 3m). 46. In the figure below, the electric field lines on the 
left have twice the separation of those on the 
right. 
(i) If the magnitude of the field of A is 40 N/C, 
then what force acts on a proton at A? 


41. An infinite number of charges each equal to q 
are placed along X-axis atx=1.x=2,x=4,x=8 
and so on. Find the electric field at the point 
x =0 due to this set up of charges. 


(ii) What is the magnitude of the field at B? 
42. The opposite corners of a square carry Q charge 
each and the other two opposite corners of the 


a on 
——_—___ 
same square carry q charge each. If the Bt 


resultant force on q is zero, how are Q and q “A 


related? 
ee 
| HINTS AND SOLUTIONS | 


43. (i) Two insulated charged copper spheres A 
and B have their centres separated by a 
distance of 50 cm. What is the mutual force 
of electrostatic repulsion, if the charge on 
each is6.5x 10°7C and the radii of Aand B 
are negligible compared to the distance of 
separation? 

(ii) What is the force of repulsion, if each sphere 
is charged double the above amount and the 
distance between them is halved? 


1. d) From Coulomb's law, F = 1, 142 
ame, 
+ Electrical permittivity, ey = 2 ____Cx C_ 
4anxF xr? Nx m? 
. Unit of electrical permittivity = C°N-'m~2 
2. (¢) According to Coulomb's law, force between two 


NCERT 1 
point charges, ie., Fo —. Therefore, the graph between 
z 


44. Suppose the spheres A and B in Q. 43 have 
identical sizes. A third sphere of the same size F and r will be as shown in Fig(c). 
but uncharged is brought in contact with the 3. (c) According to the Coulomb’s law, 


first, then brought in c i 
1 ight in contact with the second Force, F = 1. 1: 
4ne, 7? 


Electric Charges and Fields 


where, g, = +1HC=1x10°C 
q: = +4NC=4 x10 
r= distance between the charges, 
Force on first charge due to second charge, 
__1 10% x4 x10 
~ ane, n 


2 


Force on second charge due to first charge, 
110% x4 x10 


4, (b) Consider the situation shown in figure. 
bh & —_4 


ee 


reer 2 


For the system to be in equilibrium, 


Ie Oa dt se1. i 
4me, x* Ane, (2x)? 
= q=-Q/4 


5. (a) The net force on q, by q, and q, is along the 
+ x-direction, so nature of force between q,, q, and 


Qi» 9s is attractive. This can be represent by the figure 
given below 


+9 


a x 


+95 


‘The attractive force between these charges states that q, 
is a negative charge (since, q, and q, are positive). 
Thus, nature of force between q, and newly introduced 
charge Q (positive) is attractive and net force on q, by 


92,43 and Q are along the same direction as given in the 


diagram below 


The figure given above clearly shows that the force on q, 


shall increase along the positive x-axis due to the 
positive charge Q. 


2.25N 
6. (c) Blectric field, E = z 


q 15x10"C 
= 1500NC™ 


7. 


8. 


10. 


I 
12. 


14, 


« We know that by Coulomb's law, F 
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(c) Areas of P-Q are equal but more lines pass through 
aren at P, $6, field is stronger at Pas compared to 2. 

{a) The free electrons in the sphere are attracted towards 
the positive charge. This leaves an excess of positive 
charge on the rear (right) surface of sphere. 

Electric field lines enter or leave perpendicular to the 
surface of charged conductor. 

Thus, the left surface of sphere has an excess of negative 
charge and the right surface of sphere has an excess of 
positive charge as given in the figure below 


Attracted negative 
Charge 


ee 
a 


‘An electric field lines start from positive charge and ends 
at negative charge (in this case from point positive 
charge to negative charge created inside the sphere). 
Here, all these conditions are fulfilled in Fig. (a). 


(a) When the point is situated at a point on diameter 
away from the centre of hemisphere charged uniformly, 
the electric field is perpendicular to the diameter. The 
component of electric intensity parallel to the diameter 
cancel out. 

(a) When a point positive charge brought near an 
isolated conducting plane, some negative charge 
developes on the surface of the plane towards the 
charge and an equal positive charge developes on 
opposite side of the plane, so field lines are directed 
perpendicular and away from the plane. 

Yes, it changes as the distance becomes less. 

Here, k, is also called dielectric constant, whose value 


depends essentially on the type of substance and on the 
external conditions like temperature, pressure and so on. 


According to question, qf = 2q,.4% 
pr M22 
(ary r 
Hence, force between these charges remains same, 
When a charge +@ is placed at the centre of spherical 


cavity as shown in the figure, then charge induced on 
the inner surface of a shell is ~ Q and charge induced on 
the outer surface of a shell is + Q. 

+9 


a) 
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15. 


16. 
iA 


18. 


19. 


Therefore, sutface charge density on inner sutface of shell is 


y 
and on outer surface of shell is 2 


In case, test charge is not vanishingly small, it will produce 


Q 
4nR? 


its own electric field and the measured value of electric field 


will be different from the actual value of an electric field at 
that point. 


The electric field varies inversely as the square of the 
distance from the point charge. 

The proton will experience the same force F newton, but in 
the opposite direction. 

At the centre, since the clectric field due to two charges is 
equal and opposite at this point. 


Proton will tend to move along the positive X-axis in the 
direction of a uniform electric field. 


20. For the condition of electrostatics, the electric field lines 


must be normal to the surface of the conductor, otherwise 
there would be a non-zero component of electric field along 
the surface of conductor and charges could not he at rest. 


2L An electrostatic field line cannot be a discontinuous curve, 


ie. it cannot have breaks.If it has breaks, then it will indicate 


absence of electric field at the break points. But the electric 
field vanishes only at infinity. 


22. Electric field lines do not pass through a conductor. Hence, 


23. Electric field lines do not form closed loops because they are 


24. 


25. 


26. 


the interior of the conductor is free from the influence of the 


electric field. 


always directed from positive charge to negative charge. 
The electric fields find the atoms to neutral entity, As it is 


known that, electrostatic fields are caused by excess charges. 


However, there is no excess charge on the inner surface of 
an isolated conductor. Therefore, electrostatic field inside a 
conductor is zero, 

Correct, because mutual force acting between two point 
charges is proportional to the product of magnitude of 
charges and inversely proportional to the square of the 
distance between them, ie. independent of the other 
charges. 

According to Coulomb's law, the magnitude of force acting 
between two stationary point charges is given by 


M92) (1 
-(24)(4) 
For given q,q2, F -(3) 

r 


For (1 ©, ~3 1C) 
Pair of charges 


For (1 uC, 2 uc) 
pair of charges 


force, F—~ 


Magnitude of 


27. 


28. 


29, 
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The slope of F--t, graph depends on q, anid'q,. 
7 
Magnitude of q,q3 is higher for second pair. 
+. Slope of F - graph, corresponding to second 
A 


pair (1 tC, —3 tC) is greater. Higher the magnitude 
of product of charges q, and q,, higher will be the 
slope. 


Suppose the three charges be placed as shown in the 
figure. 


Q q 
oe ______« 
A c 


t+ x +t x 


As the net force on q is zero, so it is already in 
equilibrium, For equilibrium of other two charges, 
the net force on each charge must be zero. 

Total force on charge Q at Bis 


1.91, 1 0-0 4 
ane, x? dme, (2x)? 
= 1 Qg 


4ne, 


The two charged plates create a region with a 
uniform electric field between them, directed from 
the positive towards the negative plate, 

Once the balll is disturbed so as to touch one plate 
(say, the negative one), some negative charge will be 
transferred to the ball and an electric force will act on 
the ball, that will accelerate it to the positive plate. 
Once the ball touches the positive plate, it will 
release ils negative charge, acquire a positive charge 
and accelerate back to the negative plate. The 
metallic ball will continue to move back and forth 
between the plates until it has transferred all their 
net charges, thereby making both the plates neutral. 
Here, the hollow cylinder is positively charged. 

We know that, the electric field lines appear to 
come out from the conductor, Thus, the field lines 


for a uniformly positive charged hollow 
shown in the figure. 


cylinder is 


i 


! 


| 


ti 
30. Inthe ratio ra 


Electric Charges and Fields 


ke? 


 k =4ne, (constant) 
Mp 


where, G = gravitational constant, 
m, = mass of an electron and m = mass of a proton. 


From Coulomb's law, F = k ie 
2 
> er 
492 
or af 
? 
an 
‘The dimension of k =(—_) = METI] 
4mey) [AT] [AT] 
= ([MUT“A*) 


The dimension of e (electronic charge) = [AT] 
The dimension of G (universal gravitational constant) 
2) 12 
_(MLT™] IL’) =[M"LT?] 
(M*] 
The dimension of m, or m, (mass of electron or mass of 
proton) = [M] 


ke? _ [MLST“*A~*) [A’T*] 
Gm.m, (MDT) [M’] 
=[MLTPA") 

Thus, the given ratio is dimensionless. 
The valu of = (— = 9x10" Nem?/C? 
4ne, 


The value of e (charge of an electron) 
=16x10"C 


The value of G (universal gravitational constant) 
= 6.67 x10") N-m? /kg? 

The value of m, (mass of electron) = 9.1 x 107" kg 

The value of m, (mass of proton) = 1.67 10° kg 
ke? 
m,Mp 


The dimension of 


The value of 
9x 10° x (1.6% 107") 
6.67% 10" x 9.1% 10 x 1.67% 1077 


= 2,29 10 
The ratio signifies that the ratio of electrostatic force to 
the gravitational force is 229 x 10°”. This means the 
electrostatic force between an electron and a proton is 
229 x 10” times the gravitational force between an 
electron and a proton. 


31. As shown in the figure, draw AD BC. 


. 3 
AD =ABcos arth [ cos 30° = 


32. 


2! 


8 Cc 
(Q2= 9) (Q3 = Q) 


Distance AO of the centroid O from A 


G 
vi Force F, on qat O due to charge (Q, = O)at 4, 
p,=L. O41, - 221, slong AO 
ane, ) 4ne,a° 


Similarly, force F, on q due to charge (Q, = Q) at B, 
F, = 224, along BO 


2 2 


4me,a 
Force F, on q due to charge (Q; = Q) at C, 
F, = 224, along co 
4nea" 


The resultant of forces F, and F, 


OA by the parallelogram law. 
‘Therefore, the total force on 

ae 
4ne, 


where, tis the unit vector along OA. It is also clear by 
symmetry that the sum of three forces will zero. 


q=——04i-#=0 
a 


Hints; Here, oil drop is held stationary under electric 
field that means the weight of the drop is balanced 
l by the electrostatic force applied on it. 


Given, the number of excess electrons, n= 12 
Electric field, E = 2.55 x 10" N/C 

Density of oil,p = 1.26 g/m” 

26 10° kg/m? 
Electronic charge, ¢ = 1.6x 10° C 

= g= 981s? 


Let the radius of drop be r. 
‘The electrostatic force on drop = qE 


‘The gravitational force on the drop = mg 
(where, m = mass of the drop] 


[- mass = volume x density] 


= Volume x Density x g 


=4arxpxg 
3 
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33. 


34. 


As the drop is held stationary. So, the net force on the 
drop is zero. 


++ Electrostatic force = Gravitational force 


> neE =5ar'pe 
“as p3  3neE 
Anpg 


_3%12x1.6 x 107" x 2.55 x10" 
4X 3.14 X 1.2610" X 9.81 

0.94 x 10°** . 

> r= (0.94x 107) =9.81x 107 

‘Thus, the radius of the drop is 9,81 x 107m. 

(2) The point O is equidistant from all the charges at 
the end points of pentagon. Thus, due to 
symmetry, the forces due to all the charges are 
cancelled out. As a result, electric field at Ois zero. 


(b) When chargeq is removed from A, electric field at 
O would become 


=> r 


gx 


£= 2s (along 0A) 


Te gr* 

(c) If charge g at A is replaced by —g, then it is 
equivalent to adding charge -2q. Thus, the electric 
field at O would become 


£=—44_(along 04) 
4me qr 


(ii) When pentagon is replaced by msided regular 
polygon with charge q at each of its corners, the 
electric field at O would continue to be zero as 
symmetricity of the charges is due to the regularity of 
the polygon. It does not depend on the number of sides 
or the number of charges. 


Electric field lines always start from a positive charge 
and end at a negative charge. In case of a single charge, 
electric lines of force start from positive charge and end 
at infinity. 

The magnitude of a charge depends on the number of 

lines of force emanating from a charge, i.e. higher the 

number of lines of force, higher the magnitude of charge 
and vice-versa, 

(i) In the given figure, the electric lines of force emanate 
from A and C. Therefore, charges A and C must be 
positive. 

(ii) The number of electric lines of force emanating is 
maximum from charge C here, so C must have the 
largest magnitude. 

(iii) Point between two like chargés, where electrostatic 

force is zero, is called neutral point..So, the neutral 
point lies between A and C only. 
Now, the position of neutral point depends on the 
strength of the forces of charges. Here, more number 
of electric lines of force show higher strength of 
charge C than A. So, neutral point lies near A. 


35. 
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Hints: Charge placed at the centre is in the influence 
field of four charges located at the corners of the 
square. Therefore, we can find force acting on charge 
placed at the centre using superposition principle, — | 
Use the law of vectors to find the net resultant force 
because force is a vector quantity. } 


Let the centre of the square be at O, The charge placed 
on the centre is 141C. 
AB= BC =CD=DA=10em 
AC = V2 x10=10V2 em 
AC = BD =10: 
AO = BO=CO=DO 


2108 slim 


Let the force on charge 1#1C due to q, be Fy which is 
directed-away from both charges q, and q (because both 
charges are positive in nature, so they will repel each 
other). 

The force on charge ILC due to gy is F, which is 
towards q, (because q, is negatively charged and q is 
positively charged, so they will attract each other). 


2cm 


pia a suc Ae =2 NC 


errr Ge = Suc 

The force on charge 1jtC due to go is Fe which is 
directed away from both q- and q (as they both are 
positive in nature, so will repel each other). 

The force on charge IC due to gp is Fy which is 
towards q, (because gp is negatively charged and q is 
positively charged, so they will attract each other). 
Force between q and qy 


p, =) lgdal _ 9X 10° x 1x 107 * x 2x 107 


4ne, (0A)? V2 x 10°?) 
_ 9% 2x 107* _ 90 _18 
~25x2x10* 25 5 
= 3.6N [direction towards 0 to C] 
Force between q and gy 
F, 2. lagi 
4me, (OB)? 
=9,0N (direction towards O to B] 


Force between g and qo 
1 lage! _ 9x10°x1 x 107%x 2x 1078 
(sv2 x107?)? 


R= 
© ane, (Oc 
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9018 ae i . ‘ 

=—=—=36N [direction towards Oto A] 38. From Coulomb's law, electric force between the two 
2 5 charged bodies, in a medium, 

Here, we observe that F, and Fe. are of same magnitude pet Nadel 

and opposite in direction. So, the resultant force of F, 4ne,K or? 

ehh KS: where, K =dielectric constant of the medium. 


Force between gq and qp 

__1_ |9qpl 9% 10° x 1X 107° x 5x 10% 
4me, (OD) (¥2x 10°? 

=2.25N [direction towards Ota D] 

Here, we observe that F, and Fp are of same magnitude 

and opposite in direction, So, the resultant force of Fp 

and F, is zero. 

Thus, the net resultant force on 1 tC (placed at O) is 

zero, as all the forces balance each other. 


‘D 


. Here, charge on the pith-ball A, q, =5 x 10°C 
Mass of the pith-ball A, m, =8g =8x10° kg 


O00 | 


The weight m,g of the pith-ball A acts vertically 
downwards, 

Let q, be charge on the pith-ball B held 5 cm below the 
pith ball A, so that the pith-ball A remains stationary. 

It can be possible only, if the charges on two pith-balls 
are of same signs, i. if charge on the pith-ball A is 
positive, the charge on B should also be positive. As such 
the force on the pith-ball A due to B, i.e. Fay will act 
vertically upwards. 


For charge g, to remain stationary, 


Pap = ™E 
a 14092 «mig 
4m & AB 
Here, AB= 50cm =0.05 m 
4 
= 9x10? x 221 X82 2 gk 10? x98 
(005)* 


if qq = 436 x 10" "C (positive) 
87. Given, K =80 


Wehave, K=— 
£o 


a ‘ g, = Key [- e) = 885x107 C’N Mm) 
=80XB85x10"* 

=708x10" 

=7.08x10°C°N*'m™ 


For vacuum, K=1 

For plastic, K>1 

Therefore, after insertion of plastic sheet, the force 
between the two balls will reduce. 


|. Two point charges system is taken from air to water 


keeping other variables (e.g, distance, magnitude of 
charge) unchanged. So, the only factor which may affect 
the interacting force is dielectric constant of medium. 


Force acting between two point charges, 


pet O8 op Feta Ld 
r K ‘medic 
$4 
= 80 => Fyare =— =—N 
ss "30 10 


ett 

or |r, ry] =4(-1)° + (6) + (1 = ¥38m 
1 

4ney 


Now, electric field, E= 


Substituting the values, we get 
9.0 x 10°) (1. yg 
pa (2.0% 10 10.0% 16 Yet 
(38) 
= (-38.42 § -230.52 | -38.42 K)N/C 


-6j-k) 


. At the point x = 0, the electric field due to all the 


charges are in the same negative x-direction and hence 
get added up, 


= 4 1+ Hae 
aneyl 4 16 64 


q 1 q 


~ ame, (1-1/4) 3n€, 
This electric field is along negative X-axis, 


Let each side of square be x, 
Diagonal = yx? 


2 
and Fy = 94 =—_t_ 
1 ane(xvaye 2x4me,x* 


As, F, and F, are perpendicular to each other, their 
resultant force, 


FoFi+F? 
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VAI +R 


= F=RV2 


As, net force on q is zero, therefore 
F,v2=-F, 


Qqv2 


=> 


43. (i) Here, q, = 9, =65x107C, r=50cm=0.5 m 
Electrostatic force of repulsion, 
Fa} 492 _ 9X10? x(6.5x1077)? 
ane, r* (0.5) 
= 1521x10-*N 
(@) Now, 9,, 9, both are doubled and r is halved in 


£ 


1492 then 

axe, rr?” 

F becomes 16 times, i.e. F’=16F, 
F’=161,521x10"?N or F’=024N 


44 | Hints: 1is based on the distribution of charges when } 


the two identical bodies come into contact, charge is 
distributed equally on identical bodies, | 


Now, the sphere C comes in contact with A, the charges 
will be divided equally on both spheres as they have 
same mass and size. Now, charge on A is 


U=B5X107C — gg=6.5x107C 
65x1077+0 


2 


Initially, 


ry + 
q= Matte 


= 3.25x10°7C 
Now, the charge on C will also be3.25 x1077C. 
fs Ge = 3.25 x107C 


Now, the sphere C comes in contact with B, the charges 
are shared again. 


Then, charge on Bis 
* In + 9 
n= : Ge 
— 65X10" +3,25x107 
——eae 
= 4.875 x107C 
Finally, the charge on C is gf. = 4.875 x 107C 
Finally, the charge on A is g 44 = 3.25 X107C 
The charge on Bis 9 = 4.875x 10-7 


From the Coulomb's law, the force between two spheres, 
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9X10? x 3.25 x1077 x 4.875 x 107 
7 (50 x 1077)? 
9X 3,25 x 4.875 107% 
. 50x 50 x10 
This force will be repulsive in nature because both 
spheres have like charges. 


45. | stints: Net force on a charge due to two equal and 


| opposite charges will be zero. Also, electric field ona 
| charge is given by 
Bak 
q 


where, E = electric field, F = force on charge q due 
to electric field and q = magnitude of charge. 


=5.7x 107 N 


| Ifa Cs atom is removed from the corner A, then a 
| singly charged negative Cs ion at A will appear. 


(@) From the given figure, we can analyse that the 
chlorine atom is at the centre of the cube, i.e. at equal 
distance from all the eight corners of cube, where 
caesium atoms are placed. 


Thus, due to symmetry, the force due to all Cs atoms, 
on Cl atom will cancel out. 


Hence, e=t 
q 

where, F=0 

“ E=0 
r 


4negr? 
where, r = distance between Cl ion and Cs ion, 
Applying Pythagoras theorem, we get 


r= {0.20 + (0.20)' + (0.20)? x10" m = 0.346 x 10-7m 


po e = 2*10°(1.6 x 107)? 
4negr® ange? (0.346 x 1077)? 
= 192x107 N 


46. (i) Charge of proton, 9=16x 10%C 
Force on proton at A is F = qE, 
= (1.6% 10°" C)(40 N/C) = 6.4 «10° N 
(ii) Since, electric field, 
E « Number of electric field lines 
Area 


1 1 
Hence, Ey = 3 Ba = 5 (40 N/C) = 20N/C 


| TOPIC 3| 
Electric Dipole 


‘An electric dipole is a pair of point charges with equal 
magnitude and opposite in sign separated by a very small 
distance. The mid-point of locations of -g and q is called 
the centre of the dipole. 
04-— Centre of dipole 
-9 +9 


Dipole Moment of an Electric Dipole 
The strength of an electric dipole is measured by a vector 
quantity known as electric dipole moment (p) which is the 
product of the charge (g) and separation between the 
charges (2/). 
4+qo————2. ___o-q 
Ae 3 is i 
Electric dipole 


ic. prqx2l 


or Ipl=9(20)| 


It is a vector quantity and its direction is always from 
negative charge to positive charge. The SI unit of dipole 
moment is coulomb-metre (C-m). ’ 
If charge q gets larger and the distance 2/ gets smaller and 
smaller, keeping the product | p|=q X 2/ = constant, we get 
what is called an ideal dipole or point dipole. Thus, an 
ideal dipole is the smallest dipole having almost no size. 


Physical Significance of Dipoles 

In most molecules, the centres of positive charges and of 
negative charges lie at the same place, hence their dipole 
moment is zero, ¢.g. CO), CH,. However, they develop a 
dipole moment when an electric field is applied. But some 
molecules have permanent dipole moment, e.g. H,O which 
are called polar molecules, If the centre of mass of positive 
charges coincides with the centre of mass of negative charges, 
the molecule behaves as a non-polar molecule. 


EXAMPLE |1| A system has two charges 
%, =25x 10 Candqg, =-25% 10°C located at points 
A(0, 0, -15 cm) and B(Q, 0, + 15 cm), respectively. What 
are the total charge and electric dipole moment of the 
system? NCERT 
Sol. Two charges q4 and q, are located at points 
A(0, 0, =15cm) and B(0, 0,15cm) on Z-axis. They form 
an electric dipole. 


od” ity 
A 8 


Total charge, q =, +p =25%107 — 25x10 
> q=0 
Also, AB =15 +15 = 30cm 
or AB=30x10? m 
Electric dipole moment, 
p =Either charge x BA 
5 «107? x (30 «107 )(-K) 
5x10 Cm 


ELECTRIC FIELD INTENSITY 
DUE TO AN ELECTRIC DIPOLE 


Electric field of an electric dipole is the space around the 
dipole in which the clectric effect of the dipole can be 
experienced. 


An electric dipole consists of two charges +g and 9, 
therefore according to the superposition principle, the 
electric field due to an electric dipole at a point will be equal 
to the vector sum of the electric fields due ta the two 
individual charges. 


At a Point on the Axial Line 
We have to calculate the field intensity (E)) at a point ? on 


the axial line of the dipole and at a distance OP = x from the 
centre O of the dipole. 


E, E> Es 
+ 


Electric field on axial line of an electric dipole 


Resultant electric field intensity at the point P, 


E,=E, +E, 
The vectors E 4 and Eg ate collinear and opposite. 
Ep=Eq-Eg 
Were! Gj ot an So 
4neg (x+)?* Amey (v-l? 
Feo —1__ 4 
Amey U(x-2? (x40? 
= eal Agl: 
Ane, (v?-?)? 
He Epes, 2 [s p=qx2ll 


4ney (x? -1*)? 
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In vector form, Ep =——.—2P* 


ame, (v7)? 
Tf dipole is short, j 


~ 21 << xy then 


_ 2h 
E,=— ra () 
e Ane gx? v 


The direction of Ep is along BP produced. 


Clearly, £, oc L 
ro 


At a Point on the Equatorial Line 


Consider an electric dipole consisting of two point charges 
+ q and ~@ separated by a small distance AB = 2/ with centre 
at O and dipole moment, p = 9(2/) as shown ‘in the figure. 


Resultant electric field intensity at the point Q, 


Eg =E, +E, 
The vectors E , and Ey are acting at an angle 26, 

1 
Here, E,= 4 and £,2—_.__1 


4mey (x? +P) 4m (x24 12) 


On resolving E , and E y into two rectangular components, 
the vectors £', sin @ and £'y sin @ are equal in magnitude and 
opposite to each other and hence cancel out, 


The vectors E 4 cos@ and £ , cos@ are acting along the same 
direction and hence add up. 


“Eq = £4 cos0+ E, cos0=2E 4 cos0 [y £4 =£,) 
2 q ! t 
= : , “1 c0s0= ; 
Ane (x? 4/7) (x? 4/7)? ee apy 
1 2ql 


4mey (x? 4/2? 
Bur 7 x 2/ =[p], the dipole moment 


1 lel 
| oe a paw! 
On ame, (x? + PP? 


The direction of E is along QE || BA, i.e. opposite to AB. In 
vector form, we can rewrite as 
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ee 
Q 4ne g(x? +l 
Obviously, Eg isin a direction opposite to the direction of p 
If the dipole is short, ise. 2/.<< x, then 


---(ii) 


1 
Clearly, Eg © — 
x 


From Eqs. (i) and (ii), we get 
E wit =2 
 cgusoriat 
Both the magnitude and the direction of dipole field 
depend not only on the distance r, bur also on the angle 
between the position vector r and dipole moment p. 


‘The electric field due to a dipole falls off ac large distances, 


aca much faster rate (- 5) than the electric field due toa 
: 
» Zz 
single charge (- 3) 
, 


EXAMPLE |2|Two charges +5 uC are placed 5 mm 


apart. Determine the electric field at 
(i) a point X on the axis of dipole 10 cm away from its 
centre 0 on the side of the positive charge as shown 
in Fig. (a). 
(ii) a point ¥, 10 cm away from centre 0 on a line passing 
through 0 and normal to the axis of the dipole as 
shown in Fig. (b). 


5 
A S 
-5uC 5 i 4 
h—-5 mm—41 A fe} 8 
“5 SC 
h—Smm—4 
(a) (b) 
Sol. Given, — q=45yC=+5x10°C, 
21 =5mm = 5x10 m 
x = OX = OY =10cm 
=10x107 m 
and 


Dipole moment, p = gq x 2! 
=5x10°CX5x 109m 
= 25x10" C-m 


Electric Charges and Fields 


(i) Now, find out the electric field at point X on the axial 
line of dipole, 


eye LOE 
* aneg(x? — PY 
Since I<< x, therefore 
2 
By =P, 
4neyx 


along BX produced 


_ 2x 25x10" x 9x10" 
(10x 107)° 
= 4.5 10° NC“, along BX produced. 


(i) Now, find out the electric field at point Y on 
equatorial line of dipole. 


Ey =P ____, along a line parallel to BA 
1 gre (x? + Pe TONE Ane 
Since, << x, therefore Ey = —P— 
4ne yx 
25 X10? x 9x 10” 


vox 10?) 


= 2.25x10°NC™, along a line parallel to BA. 


ELECTRIC FIELD INTENSITY 
AT ANY POINT DUE TO A 
SHORT ELECTRIC DIPOLE 


Let K be any point which is neither on the axial line nor on 
the equatorial line. 

LetP be the dipole moment of the short electric dipole and 
O be the mid-point of the dipole. Let the line OK make an 
angle @ with P. Resolving P along OK and perpendicular to 
OK, we get pcos® and p sin @, respectively. 


psind 


The electric field at K due to dipole moment pcosO is 
given by 
£, eit Bp core [-K is on the axial line 
4mey or? 


of the dipole p cos 0) 
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The clectric field at K due to dipole moment p sin @ is 
given by 
1 psin® 
fet 
taney oP? 


[along KM which is L p cos@] 


2. Resultant electric field, 


2 5a 
2 p24 pt 1 2 pcos 1 psin® 
p? = p24 gral + 
Bes Ry Es (ces P 4mEg 


aul F (bcos? @+sin? )!"2 
Ane r? 


1? eos? o+1 


ie) B= 
4n€ 9 7? 


Ifa is the angle between E and E,, then 
E i 2 
seestts 1 psin® | Ane gr 
E, 4me, r>  2pcos® 


Special cases 
Case 1K lies on the axial line of dipole, then 6 =0° 
1 t 2 
E=—— 2 feeos? or =—— 
4ney Eg 1 


tan 0° 


> ana= =0>a=0 


Case I K lies on the equitorial line of dipole, then 


@=90° 
po? Gos ors 2 
4ney °° 4rey P 
tan 90° 
> tana= =o 


=> d=an'~ = @=90° 


EXAMPLE |3]| Find the magnitude of electric field 
intensity due to a dipole of dipole moment 3x 10-°C-m 
at a point distance 1 m from the centre of dipole, when 
line joining the point to the centre of dipole makes an 
angle of 60° with the dipole axis. 

Sol, Here, p=3x 10" C-m, r=1m, 8 = 60° and E =? 


—P— facos?0 +1 


neyr 


a “ 
SX10T RII’ fy os 60°) $1 =357.17N/C 


ay 


As, | 
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ELECTRIC FIELD INTENSITY AT 
ANY POINT ON THE AXIS OF 
UNIFORMLY CHARGED RING 


The clectric field intensity at any point Q on the axis is 
given by 


where, q = roral charge, a = radius of the ring and 
= distance of the point Q from the centre of the ring, 


Note The direction of E is along Qx, the axis of the loop. 


DIPOLE IN A UNIFORM 
EXTERNAL FIELD 


Torque on an Electric Dipole in a 
Uniform Electric Field 


Consider an electric dipole consisting of two charges — and 
+4 placed in a uniform external electric field of intensity E. 


—>____._ 


The length of the electric dipole is 2/. The dipole moment 
Pp makes an angle @ with the direction of the electric field, 
Two forces F and —F which are equal in magnitude and 
opposite in directions act on the dipole. 
F=bFl=96 

The net force is zero. Since, the two forces are equal in 
magnicude and opposite in direction and act at different 
Points, therefore they constitute a couple. A net torque t 
acts on the dipole about an axis Passing through the 
mid-point of the dipole. 

Now, t= Either force x Perpendicular distance BC 
between the parallel forces = gE (21 sin 6) 
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Tt=(qxWEsinO | 
or T= pEsin8| | 
In vector notation, [t= pxE | 
SI unit of torque is newton-metre (N-m) and it 
dimensional formula is (ML°T~*]. 

Case1 If @=0°, thent =0 


The dipole is in stable equilibrium. 
Case I] If8 =90°, then t= pE (maximum value) 


The torque acting on dipole will be maximum. 
Case I If =180°, then t =0 


The dipole is in unstable equilibrium. 


EXAMPLE 4] an electric dipole consists of two charges 
of 0.1 tC separated by a distance of 2.0 cm. The dipole is 
placed in an external field of 10° N/C. What maximum 
torque does the field exert on the dipole? 
Sol Here, q =01 pC =107C, 2/= 2.0cem=2x107m, 
E=10 NIC = t= pEsinO = qx 21x Esin® 
Trae = 1077 % 2x10 x 10° x1 te 
= 2x1074 N-m 


sin90°=1] 


Work Done on a Dipole in a 

Uniform Electric Field 

‘When an electric dipole is placed in a uniform electric field, 
it experiences torque and tends to align it in such a way t0 


attain stable equilibrium. Small amount of work done in 


rorating the dipole through a small angle d 8 against the 
torque is given by 


dW =td0= pE sind d0 

“+ Total work done in rotating the dipole from orientation 
8. 

8,108), W= tbe PE sin @d® = pE(cos®, —cos0,) 
j 


=> W = pE (cos®, 


Similarly, potential energy of electric dipole, when it rotates 


from @, to 0, U=W = pE (cos, —cos ) | 
Let_us assume that the dipole is initially oriented | 
Perpendicular to the direction of electric field and brought 
to the orientation making an angle © with the field 
direction, then the work done in rorating the dipole from 
8 =90° 108, =8, 


W = pE(cos90°-cos6) =~ pF cos =~ p-f 


Electric Charges and Fields 


EXAMPLE |5| An electric dipole of moment 
2x10 C-m is aligned in a uniform electric field of 
2 x 10‘ N/C. Calculate the work done in rotating the dipole 
from 30° to 60°. 
Sol Here, p= 2x10 C-m, E = 2x104 N/C, 
8, =30°,8, =60°, W =? 
W = pE (cos ®, — cos 0) 
= (210) (2x 10") (cos 30° - cos 60°) 
= (2x 10) (2x 10*) (0.366) 
= 1.464x10" *J 


EXAMPLE |6| An electric dipole of length 2 cm, when 
placed with its axis making an angle of 60° with a uniform 
electric field, experiences a torque of 8,3 N-m. Calculate 
the potential energy of the dipole, if it has a charge of 


+4nC. Delhi 2014 
Sol Here, length, 2a = 2cm=2x107 m, 
6 = 60°, t=8¥3N-m 
Charge, Q=4nC =4 x10 CU =? 
As we know that, t= Q(2a) E sin @ 
= Electric field, 
1 8y3 we 


© Q(2a)sin® 4x10" x2 x10 xsin 60° 
<. Potential energy, U = — pE cos @= — Q(2a) E cos® 
8v3 x cos 60° 


=—4x 10? x 2x 10? x = 
4x 10™ x 2x 10™ x sin 60° 


ee 
=a 8) 


Note Electric dipole and its properties have been frequently asked 
in previous years 2014, 2012, 2011, 2010. 


TOPIC PRACTICE 3 | 


OBJECTIVE Type Questions 


1. Two equal and opposite charges each of 2C are 
placed at a distance of 0.04 m. Dipole moment 
of the system will be 
(a)6x10% C-m 
()15 x10? Cm 


(b)8 x10 C-m 
(d)8 x10" C-m 


N 


What is the angle between the electric dipole 
moment and the electric field strength due to it 
on the equatorial line? 

{a) 0° (b) 90° 

(c) 180° (d) None of these 
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3. Electric charges q,q,-2q are placed at the 


corners of an equilateral A ABC of side I. The 
magnitude of electric dipole moment of the 


system is 
(a) ql (b) 2ql 
(©) V3ql (a) 4ql 
as 
8 
0uC +10 pC 
In given figures, OP = OO = 15cm, OA=OB =2.5 
mm 


Magnitudes of electric field at P and Q are 
respectively 


(a) 2.6«10° NC“, 2.6x10° NC* 
(b) 1.3x10° NC“',1.3x10° NC* 
(c) 2.6x10° NCt,1.3x10° NC 
(d) 1.3x10° NC“, 26NC™ 


ba 


Figure shows electric field lines in which an 
electric dipole P is placed as shown. Which of 
the following statements is correct? 

NCERT Exemplar 


(a) The dipole will not experience any force 

(b) The dipole will experience a force towards right 
(c) The dipole will experience a force towards left 
(A) The dipole will experience a force upwards 


In an electric field E, the torque acting on a 
dipole moment p is 
(a) p-E 
(c) zero 


(b) pxE 
(@Exp 
7. When an electric dipole pis placed in a uniform 
electric field E, then at what angle between p 
and Ethe value of torque will be maximum? 
(a) 90° () 0 
{c) 180° (a) 45° 
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" itude and 
VERY SHORT ANSWER Type Questions x-direction, what will be the magnitu 


é 3 

direction of the torque acting on this? Delhi 201) 
8. Is it correct to write the unit of electric dipole 
moment as mC? 


9. What do you mean by an “ideal electric 
dipole"? 
10. at what points dipole field intensity is parallel 
to the line joining the charges? 


11. If an electric dipole is placed ina uniform 


electric field, then state whether it always 
experiences a torque or not? 


19. A dipole, with a dipole moment of magnitude p, 
What happens when an electric dipole is is in stable equilibrium in an electrostatic field of 
placed in a non-uniform electric field? magnitude E. Find the work done in rotating this 
A dipole of dipole moment pis present ina dipole to its position of unstable equilibrium. 
uniform electric field E. Write the valuc of the eae . 
+ angle between p and E for which the torque, LONG ANS\ER Type I Questions | 
experienced by the dipole is minimum, 20. An electric dipole of dipole moment p consists of 
AML dia 2019 point charges + q and ~ q separated by a distance 
14. Aring of radius R carries a uniformly 2a apart. Deduce an expression for the electric 
distributed charge + . A point charge - q is field E due to the dipole at a distance x from the 
placed on the axis of the ring at a distance 2R 


centre of the dipole on its axial line in terms of 
from the centre of the ring and released from the dipole moment p. Hence, show that in the 
rest. Will the particle execute simple harmonic limit.x>> a, E—> 2 p/dnegr®, 
motion along the axis of the ring? 


13. 


21. (i) Derive an expression for electrical field at a 
SHORT ANSWER Type Questions ron on the equatorial line of an electric 
3 ipole. 

15. What is meant by the statement, "the electric (ii) Depict the orientation of the dipole in (a) 
field of a point charge has spherical symmetry, : stable, (b) unstable equilibrium in a uniform 
whereas that of an electric dipole is electric field, Delhi 2017 
cylindrically symmetric"? 22. Achargeis distributed 

, . 2arge is distributed uniformly over a ri f 

16. Three charges are placed as shown. Find tadius a, Obtain the expression for the electric 

dipole moment of the arrangements. field intensity E at a point on the a: 
4 


's of the ring. 
at large distances 
‘© a point charge, | 
Delhi 2016 | 
23. (i) Obtain the expression for the torque + 

bay xperienced by an electric dipole of dipole 


Moment p ina uniform electric field E, 


Hence, show that for points 
from the ring, it behaves like 


17. Prove that when an electric dipole is placed in 


(i) What wit i | 
a uniform cleetric field, potential energy U is uniform NAPPeN, if the field ete. 20 
jelhi 20 
given by U=-p-E. 24. An clectric dipole is held at any angle gi 
18. Two small identical dipoles AB and CD, each of Uniform electric field E. will the ie a 
dipole moment p are kept at an angle of 120° (i) net translating force a nepe any) 
as shown in the figure. (ii) i and 


torque acting on it? 
What is the resultant dipole moment of this iii ae Bon it 
combination? If this system is subjected to released? at happens to dipoleon ae 
electric field (E) directed along positive 


Electric Charges and Fields 


LONG ANSWER Type II Questions 


25. 


27. 


8 
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Define electric dipole moment. Is it a scalar or a 
vector? Derive the expression for the electric 
field of a dipole at a point on the equatorial plane 
of the dipole. 

For a short dipole, what is the ratio of electric 
field intensities at two equidistant points from 
the centre of the dipole? One along the axial line 
and other on the equatorial line. 


Deduce the expression for the torque acting on a 
dipole of dipole moment p in the presence of a 
uniform electric field E. All India 2014 


In a certain region of space, electric field is along 
the z-direction throughout. The magnitude of 
electric field is, however not constant but 
increases uniformly along the positive 
z-direction, at the rate of 10° N C'm™. What are 
the force and torque experienced by a system 
having a total dipole moment equal to 107’ C-m in 
the negative z-direction? NCERT 


(i) Derive the expression for the electric field E 
due to a dipole of length 2/ at a point distant r 
from the centre of the dipole on the axial line. 


(ii) Draw a graph of E versus r for r >> a. 


(iii) If this dipole is kept in a uniform external 
electric field E,, diagrammatically represent the 
position of the dipole in stable and unstable 
equilibrium and write the expressions for the 
torque acting on the dipole in both the cases. 

All India 2017 


Derive the expression for the work done in 
rotating an electric dipole from angle 0, to, ina 
uniform electric field (E). Hence, find the work 
done when the dipole is 

(i) in 


( 


ly parallel to the field and 


initially perpendicular to the field. 
se All India 2009 


NUMERICAL PROBLEMS 


30. 


31, 


Find the electric dipole moment electron and a 
proton which distance is 4.3 nm apart. 
Two charges of —91C and + 9yC are placed at the 


points P(1, 0, 4) and Q(2, -1, 5) located in an 
electric field E = 0.20 i V/cm. Calculate the torque 
acting on the dipole. 
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32, Two charges of +25 «10°C and -25710°9 C 
are placed 6 m apart. Find the electric field at 
a point 4 m from the centre of the electric 
dipole (i) on axial line (ii) on equatorial line. 
Delhi 2011 
33. 


An electric dipole with dipole moment 
4x10°C-m is aligned at 30° with the direction 
of a uniform electric field of magnitude 
5x10‘ N/C. Calculate the magnitude of the 
torque acting on the dipole. 


34. Asystem has two charges q , = 35x10" "Cand 


qn=-3.5%10-'C located at points A 


(0,0, -10cm) and B (0, 0, +10 cm), respectively. 
What are the total charge and electric dipole 
moment of the system? 


35. Two charges q, andq, of 0.1 uC and- O.1 pyc 


respectively are 10A apart. What is the electric 
field at a point on the line joining them at a 
distance of 10 cm from their mid-point? 


36. Two charges + 101C are placed 5 mm apart. 


Determine the electric field at 

(i) a point P on the axis of dipole 15 cm away 
from its centre O on the side of the positive 
charge 

(ii) a point Q, 15 cm away from centre 0 ona 
line passing through centre O and normal 
to axis of the dipole as NCERT 


E, 
0 


37. 


An electric dipole consists of two opposite 
charges each of magnitude 1.0x10°°C 
separated by 2 cm. The dipole is placed in an 
external uniform field of 1x 10° N/C. Find (i) 
the maximum torque exerted by the field on 
the dipole, (ii) the work which an external 
agent will have to do in turning the dipole 
through 180’ starting from the position, 8 = 0°. 


38. The electric field at a point on the axial line at 
a distance of 10 cm from the centre of an 
electric dipole is 3.75 x10° N/C in air, while at a 
distance of 20 cm, the electric field is 
3x10‘ N/C. Calculate the length of an electric 
dipole. 


32%. Aww 


40. 
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2 Vo point charges g, and qz of magnitude 
10°C and -10~¢, respectively are placed 0.2m 
apart. Calculate the electric fields at points A, B 
and C as shown in the figure. NCERT 


(i) Calculate the maximum torque experienced 
by a water molecule whose electric dipole 
moment is 6.2x10-*° C-m, when it is placed 
in an electric field of intensity 10° N/C. 

(ii) Determine the work that must be done to 
take a water molecule aligned with the 
above field and set it anti-parallel to the 
field. 


| HINTS AND SOLUTIONS 


L. (b) Electric dipole moment, p =q xd 
Here, g = value of one charge on dipole = 2C 
d = distance between the dipoles = 0.04 m 
“. Electric dipole moment, p = 2 x 0.04 
=0.08 C-m 
=8x107 Cm 


2. (c) 


Observing Ey, and pare in opposite directions, so angle 
between them is 180°, 


3. (c) A R 
+g 
PR . Pat 
y Mt —— 
a “Oe us 
ag % 


Net dipole moment, ie., 
= vp? + p? + 2pp cos 60° = Vp 


= V3ql 


Pret 
(+ p=ql) 


4. 


15. 


Yes, but mot 
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5mm, r= 15cm = 150mm 


(c) Here, a= 


As, r>>a ; 
ap _ 2(5 x10 x10 x10" )x(9 x10") 
Eas = = (15 x10)" 
1 * 
1g == 26x10 
E squatorit 2 2 


=13x10° NC" 


|. (c) The space between the electric field lines is 


increasing, here from left to right and its characteristics 
states that, strength of electric field decreases with the 
increase in the space between electric field lines. Asa 
result force on charges also decreases from left to right, 
Thus, the force on charge — q is greater than force on 
charge + q in turn dipole will experience a force towards 
left. 


|. (b) In electric field (E), torque acting on a dipole 


moment (p)is t= pEsin® 
where, 0 = angle between pand E, > t= px E 


. (a) Torque, t= pE sin 6 


|t|=pEsind 
©. Torque is maximum, when 6 = 90° 


. No, it is not correct to write the unit of electric dipole 


moment as mC. The symbol mC represents 
milli-coulomb, i.c. unit of electric charge. In SI system, 
unit symbols are written in alphabetical order. 

. Unit of dipole moment is C-m. 


. I charge q gets larger and distance 2! gets smaller; and 


smaller keeping the product | p| = q x 2! = constant, The 


dipole is called an ideal electric dipole 


. At any point on axial line or equatorial line of dipole. 
1. No, it does not experi 


‘nce a torque, when it is placed 
along the direction of electric field. 


~ Iexperiences some net force and some net torque. 
. T= pEsin®, tis minimum when 0 = 0°, 


; n is simple harmonic only when charge 
—qis not very far from the centre of ring on its axis. 
Otherwise motion is periodic, but not simple harmonic 
in natu 


| 
The electric field due to a point charge q at a distance. 
is given by E=—1_. Clearly 18) 
ane, ly, the magnitude of fiel | 
will be the at all points on the surface of a sphere of 
yale r drawn around the point charge and does not 
lepend on the direction r, Hence, the field line due toa 
point charge is spherically symmetric. Electric field at 
Stance r on the equatorial line of a dipole moment pis 
givenbyf=—1 op 
Ane, (r? 4g? pe 


Electric Charges and Fields 


The electric field E is same at all points which lie on a 
cylinder of radius r with its axis on the dipole axis and 
the field pattern looks same in all planes passing 
through the dipole axis. We say that the electric field of 
an electric dipole is cylindrical symmetric. 

1G. Here, two dipoles are formed. These are shown in 
diagram below. 

“a 


Resultant dipole moment, 
P= 2p =V2qd,0 = 45° 
17. Refer to text on page 28. 
18. Consider the figure,| py |= pe =p 


The magnitude of resultant p,;, 
Pr=VPi + P2 + 2Pz cos ® 
=yp' + p® + 2p’ cos 0 
= y2p7(t + cos 0) 


ty ) 
= ,[2p? x 2cos” — = 2p cos — 
ip cas? | ap OR 


p,sin@ __psin 120° 
P, +p, cos@ p+ pcos 120° 


a eve 
_?f 
p 2 


tan a= 


“+ Inni=2pcos$ 
Pe Will subtend an angle of 30° with X-axis. 
Now, torque acting on the system, 


1 
T= py X E= pb sin O= = pE 


Torque will work to align the dipole in the direction of 
electric field E. 


19. The position of stable equilibrium corresponds to 8 = 0°. 
The position of unstable equilibrium corresponds to 
0 =180°. 
+. Work done = [°"""" pesindd® = pE[-cos 0)?” = 2pE 


20. Refer to pages 25 and 26 (replacing 2! by 2a) 
21. (i) Refer to text on page 26, 
(ii) The orientation of the dipole 


(a) In stable equilibrium, p, is parallel to E, ie. 8 =0° 
ee eg 


21 E 
—¢ + 4g 


(b) In unstable equilibrium, p is anti-parallel to E, ie. 
@=180° 


22. According to question, suppose that the ring is placed 
with its plane perpendicular to the X-axis as shown in 
figure. Consider small element dl of the ring. 


dE sin® 


dE sin® 


As the total charge q is uniformly distributed, so the 


charge dq on element dlis dq = —1-dl 
ona 


=adq= Mos =dEcos® [wee cos | 
2nar’ 


Since, only the axial component gives the net E at point 
P due to charge on ring, 


So, fide =f" arcoso: ["AL.4 x 
ss i © ana ror 
hax L pine) kq 1 p2Ra rags 
lh d= sh (0 
ana [er =x? +a") 


ana (x? +a*y? 


kqx 
Gay? 
Now, for points at large distances from the ring x >> a. 
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~kq_ 1 4 (a) If0=0°, then t=0, pIJE 
Rey x? 


This is same as the field duc to a point charge indicating Se 
that for far-off axial point, the charged ring behaves as a —_—_____— 
point charge desiaesed ag 


23. (i) Refer to text on page 28. 


(i) Ithe ficld is non-uniform, the net force will be non-zero. The dipole is in stable equilibrium. 


1f0=180%, then t=0, p ||-E 
24. Refer to text on page 28. (b) 180°, then t=0, p || 


25. Refer to text on pages 25 and 26. 

26. Refer to text on page 28. 

27. Consider an electric dipole with charge - q at A and tyes ass 429 
charge + q at B. placed along Z-axis, such that its dipole 
moment is in negative z-direction, ie. pz =-10~” C-m, 


The dipole is in unstable equilibrium. 
29. Refer to text on page 28, 
(i) If the dipole is initially parallel to the field, 8, 
W = pE(1-cos®@,) 
(ii) If the dipole is initially perpendicular to the field, 


as shown in the figure, 
The electric field is along positive direction of Z-axis, 


dE 
such that — = 10°NC'm™, 
a my 


Zz 0, = 90° 
fe W =— pEcos6, 
30. Dipole moment, 
Ata) P=qXr=16x10" x43 x10" =68x10 C-m 
of? x 


31. As, P(1, 0, 4) and Q(2, -1,5) 


‘ 8 2l=PQ =[(2-1)i +(-1~0)j + (5-4)k] = 
ae a and g=+9x10° C, £ =0.201 Viemt 
Using, FaqdE =qx 7 xdZ Since,t = p x E = q(2l) x E 


a 2 t=9x10 (7-7 +f) xa207 =18 x107(K —}) 


dE 
= (q xdZ)x Zz Crd -. Magnitude of torque, 


#107 id? =— 10° N 418x107 [YF + (1)? ] = 25.5 10-7Nem 

Thus, the force on the dipole is along negative direction 82. Here, q = 25% 10°C, 20=6m,r=4m, 

of Zaxis. = sep ee 

As, 0 =180° P= q(2a)= 25x10" X6 =1.5X107 C-m 

<. Torque on dipole, Now, Egy =! 2pr 

. T= pE sin 180° =0 Ame, (r° 
“10” 7 r 
28. (i) Refer to text on pages 25 and 26. = 2X10 X2X15X107 Xd _ 2700 


¢ 
= 2204. NC 
1 


(i) £ +. Ase will increase, E will sharply decreases. 
7 


The shape of the graph will be as given in the figure. 


P 


equatorial = 


1 Ine, (FP tape 
. , 
E peal ee ee 50 osNCo 
(44s) 125 
0 — 33. Given, p=4 x10 C-m, E =5x10', @=30° 
(ii) When the dipole were kept in a uniform electric “T= pEsind 
field £y. The torque acting on dipole, t= px E = 4x10 x5x10" x sin30° 


= 4X10 x8 x10! > 


=10x10 =107'N-m 
34. Refer to Example 1 on page 25. 


Electric Charges and Fields 


35. 


36. 
37. 


39. 


Here, 4 = 92 = =O0.1pnC =10"" C [in magnitude] 


Length of the electric dipole formed by these charges, 
2a=10A =10°'m 


Thus, electric dipole moment, 
p= 2aq =10"" x10 =10 C-m 


Distance of the point under consideration on the axial 
line from the mid-point, r=10 cm=0.1.m. 


Since, a << r, electric field at a point on the axial line, 
2p 
E=k 2 
3 


2x10 
(0.1) 


=(9x10°). 
=18x10°" N/C 
Refer to Example 2 on pages 26 and 27. 
Here, q =1x10™ C, 2a=2cm=0.02m 
o p=qX2a=(1X10) x 002 = 2x10% cm 
Intensity of the external electric field, E = 1.0«10° N/C 
(i) Trax = PE =(2%10™)( 1.010") = 2x10°N-m 
(G) Net work done in turning the dipole from 0° to 180°, 


ie.W= [td0= J pEsin6d0 = pe[—cos}!” 
7 a 


= —pE (cos 180°= cos 0°) = 2pE 
=2x(2x10" 1x10") J=4x107 J 


. We know that, 


a ee 
Ane, (r? - a’)? 
Casel When r=10em= 01m and 
E gyigt = 37510" N/C 
2p x0.1 
af 
Case When r = 20cm = 0.2m and 
E agin = 3%10" NIC 


Eaua = 


=  3.75x10° = 9x10" x 


= 3x10 = 9x10" x 22% ww (i) 
[(0.2)° -a 
Solving the Eqs. (i) and (ii), we get 


a= 005m 

Therefore, length of the dipole is 2a. 

So, 2a = 2x005= 01m 

The electric field vector E, 4 at A due to the positive 
charge g, points towards the right. Its magnitude, 


40. 


35 


9x10"N-m?C™) (1077) 
(0.1m)? 
The electric field vector E,, due to q, points to the right 
and fas the same magnitude. 
Hence, the magnitude of total electric field E, at A, 
Ey = Ey, + E,,=18%10'NC! 
ie. E, is directed towards right. 


The electric field E,, at B due to q, points towards the 
left and has a magnitude, 


Bix =9x10'NC* 


-% 
00) =< gy s0tNc 


The electric field E,, at B due to the negative charge q 
points towards the right and has a magnitude 


_ (9x 10” N-m?C*) (10-7€) 
Pipes atelier SL AP 


E, = =1x10'NCT 
(0.3 my 
The magnitude of the total electric field at B, 
Eg =E\n~ Exp 
=8x10'NCT 


i.e. Ey is directed towards the left. 


The magnitude of each electric field vector at point C due 
to charge q, and q,, 


Ec = Exe 
_ (9x 10’N-m?C~*) (107 C) 
7 (0.2m)? 
= 2.25 x10° NC 
The resultant of these two vectors, 
Ec 


Tr T 
Eye cos ~ + Exe cos = 
3 3 


= 2.25x10'NCt 
i.e. Ep points towards the right. 
(i) Here, p =62x10™ C-m and E =10° NIC 
: pEsinO [for maximum value 8 = 90°) 
= pE sin90° = 62x10" x10° x1 
= 62x10 Nem 


(ii) When dipole is aligned anti-parallel to the field, 
0=180°. 


“Ww 


pE(\—cos@) 

.2X 10” x 10°(1 — cost80°) [°° cos 180° = -1] 
2% 10” x 10°(1 = (=1)) 

210°" x10" x2 

24x10" J 


| TOPIC 4| 
Electric Flux 


AREA VECTOR 


The vector associated with every area element of a closed 


surface is taken to be in the direction of the outward © 


normal. Thus, the area clement vector AS at a point on a 
closed surface is equal to AS fi, where AS is the magnitude 
of the area element and @ isa unit vector in the direction of 
ourward normal at the point. 

; AS = (AS) 


AS = fi (AS) 
a 
Area aS 


ELECTRIC FLUX 
Electric flux linked with any surface is tos 
defined as the total number of electric 
field lines that normally pass through 
thar surface. 
Electric flux d@ through a small area 
element /$ due to an electric field E at 
an angle @ with dS is : 

do=E-dS=E ds cod 
which is proportional co the number of field lines cutting 
the area clement. Total electric flux over the whole surface 
S due to an electric field E, 

o=GE-dS=§ E dS cosd 
s 5 


AS = fi (AS) 


ke 
™ 


Flectric flux is a scalar quantity. But it is a property of 
vector field. 
SI unir of electric flux is N-m?C 
and dimensional formula of electric flux is expressed as 

= (MLT? IE ATY 

=(MUT?A™] 

IFfE-dS over a closed surface is negative, then the surface 
encloses a net negative charge. 


Special cases 
(i) For 0°< 0< 90%, @ is positive. 
(ii) For @ = 90°, ois zero. 


(iii) For 90°< 8 < 180%, 6 is negative. 


Analogy Between Electric 

Flux And Liquid Flux 

It should be known that electric flux is analogous to flux of @ 
liquid flowing across a plane, which is equal to v- AS, where v 
is the velocity of flow of liquid. In electric flux, there is no flow 
of a physically observable quantity like liquid. 


EXAMPLE [1] A box encloses an electrical dipole 
consisting of charge 5 WC and —5 uC and of length 10 cm, 
What is the total electric flux through the box? 

All India 2011 


Sol. Since, an electric dipole consists of two equal and opposite 
charges, the net charge on the dipole is zero. 
Hence, the net electric flux coming out of the closed surface 
of the box or through the box is zero. 


GAUSS’ THEOREM 
Statement 


The surface integral of the electric field intensity over any 
closed surface (called Gaussian surface) in free space is equal 


= 
co times the net charge enclosed within the surface. 
0 


be =GE-ds 
5 


where, g= Eq; is the algebraic sum of all the charges 

inside the closed surface. 

Hence, total electric ux over a closed surface in vacuum is 

== times the total charge within the surface, regardless of 
° 

how the charges may be distributed, 

Proof of Gauss’ Theorem for 

Spherically Symmetric Surface 


Electric flux through a surface element dS is given by 


db 


Flectric Charges and Fields 


1 


@ 
ie 


If the medium surrounding the charge has a dielectric 
constant X, then 


ge= t= 224, whece K 20, == 
Keg €€&) € £y 

4 

ak 


& 
IF there is no net charge within the closed surface, i.e. when 
q=0, then >, =0. 
2+ The total electric flux through a closed surface is zero, if 
no charge is enclosed by the surface. 


Some Features of Gauss’ Law 


() Gauss’ law is true for any closed surface, no matter what 
its shape or size be. 

{ii) In the situation, when the surface is so chosen that there 
ate some charges inside and some outside, the electric 
field is due to all the charges, both inside and outside the 
closed surface. 

(iil) Gauss’ law is often useful when the system has some 
symmetry, This is facilitated by the choice of a suitable 
Gaussian surface, 


EXAMPLE |2| A charge q is placed at the centre of a 

cube of side /, What is the electric flux passing through 

each face of the cube? All India 2012; Porelgn 2010 

Sol, By Gauss’ theorem, total electric flux linked with a closed 
surface is given by 


where, q is the total charge enclosed by the closed 
surface, 


37 


“. Total electric flux linked with cube, 6 = 2 
0 


‘As charge is at centre, therefore electric flux is 
symmetrically distributed through all 6 faces. 
14-4 


«Flux linked with each face = i¢ = 


6, 6, 


EXAMPLE |3| Figure shows three point charges, 
+2q,-q and + 3q. Two charges + 2q and —q are enclosed 
within a surface S. What is the electric flux due to this 
configuration through the surface S? Delhi 2010 


s 
+39 


Sol. Electric flux through the closed surface S is 
2 Eq _+2q-9_4 
a ait 
£0 £5 £5 
Charge + 3q is outside the closed surface S, therefore it 


would not be taken into consideration in applying Gauss’ 
theorem. 


Applications of Gauss’ Theorem 
The electric field due to some symmetric charge 
configurations can be obtained using Gauss’ law. 


Field due to an Infinitely Long Thin 
Straight Charged Wire 


Consider an infinitely long thin straight wire with uniform 
linear charge density (2). 


From symmetry, the electric field is everywhere radial in the 
plane cutting the wire normally and its magnitude only 
depends on the radial distance (r). 


From Gauss’ law, ¢ = B-dS = 
5 fo 


Now, O¢=fE-ds= fe-ads 
5 $ 


afe-ndsefe-nds+gn-ads 
a B £ 


38 


x FE-dS=4E dScos90°+ FE dSc0s90° 
s 4 8 
+E dScoso? 
c 
=4E dS =EQnrl) 
Cc 
Charge enclosed in the cylinder, q = A/ 


E(Qnrl)= A or 
Eo 


uy 
t 
27E gr 


Vectorially, E = 


The direction of the electric field is radially outward from 


the positive line charge. For negative line charge, it will be 
radially inward. 


Thus, electric field (£) due to the linear 
charge is inversely proportional to the 
distance (r) from the linear charge. The & 


variation of electric field (£) with distance 
(©) is shown in figure. 


— 


Field due to a.Thin Infinite Plane 
Sheet of Charge 


Let o be the surface charge density of the sheet. From 
symmetry, E on cither side of the sheet must be 
perpendicular to the plane of the sheet, 


having same 
magnitude at all points equidistant from the 


sheet. 


> 


m 


> 


wt, 


We take a cylindrical cross- 
¢ Gaussian surface, 
On the curved surface of 


Perpendicular to each other, TI 
surface = 0, 


sectional area A and length 27 as 


the cylinder, E and i are 
herefore, flux through curved 


Flux through the lar surfaces = FA+ EA =2 64 

“. Total electric flux over the entire surface 
¢ =2FA 

Total charge enclosed by the cylinder, q=0A 


of cylinder, 


According to Gauss’ law, =. 
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E is independent of r, the distance of the point from the 
plane charged sheet. 


Field due to a Uniformly Charged 

Thin Spherical Shell 

Let & be the uniform surface charge density of a thin 
spherical shell of radius (R). The Gaussian surface will be 2 
spherical surface centered at the centre of shell. 


(i) Ata point outside the shell (r > R) 
Since, E and dS are in the same direction. 


¢ =GE-dS= 4 or Emr?) = 
mag £y £) 


Since, 


Vectorially, = E= 


E gr? 


(ii) Ata point on the surface of the shell (r= R) 


and a 


Here, the charge inside the Gaussian surface shell. 
q=0 
El4nr*) =9 


Electric Charges and Fields 


i E=0 
This important result is a direct consequence of Gauss’ law 
which follows from Coulomb's law. The experimental 
verification of this result confirms 1/r? dependence in 
Coulomb's law.The variation of electric field intensity (E) 
with distance from the centre of a uniformly 


charged 
spherical shell is shown in figure. 


EXAMPLE [4] A hollow charged conductor has a tiny 
hole cut into its surface. Show that the electric field in the 


hole is (= Ja. where fi is the unit vector in the outward 
Eo 


normal direction and o is the surface charge density near 
the hole. NCERT 


Sol Surface charge density near the hole =o 


Unit vector = i (normal directed 
outwards) 

Let P be the point on the hole. The 
electric field at point P closed to the 
surface to conductor, according to 
Gauss’ theorem, 


“ds=4 
fE-ds - 


where, qis the charge near the hole, 
B45 cos @ = S48. 
Ey 


[+0 =q /dS = q =od5, where ds = area) 
++ Angle between electric field and area vector is 0°, 


6 Eds = 045. [ cos0?=1] 
£ 

= Be pel y 
& £ 


This electric field is due to the filled up hole and the field 
due to the rest of the charged conductor, The two fields 
inside the conductor are equal and opposite, 

So, there is no electric field inside the conductor, Outside 
the conductor, the electric fields are equal in the same 


direction. 
So, the electric field at point P due to each part 
ehipetl eg 
2 2e, 


EXAMPLE [51 A point charge causes an electric flux 


~3x 10“ Nm? /cto pass through a spherical Gaussian 
Surface, 
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(i) Calculate the value of the point charge, 


(ii) If the radius of the Gaussian surface is doubled, how 
much flux would pass through the surface? Foreign 2008 
Sol. (i) By Gauss' theorem, total electric 


flux through closed Gaussian 
surface is given by 


9 = be, 
Butelectric flux passing through 
the surface, 


> N-m? /C 
~3 x10") x 8.85 x10? =~ 26.55x 107 *C 
== 2.655 x10" 3 


(ii) Electric flux passing through the surface remains 
unchanged because it depends only on charge 
enclosed by the surface and is independent of its size. 


Note Eleciric flux, Gauss's Jaw and numericals based on them 
have been frequently asked in previous years 2015, 2014, 2013. 
2012, 2011, 2010, 


TOPIC PRACTICE 4| 


OBJECTIVE Type Questions 


1. The SI unit of electric flux is 


(a) volt b) newton 
metre coulomb 
(9 elon metre” (a) voltx metre? 
coulomb 
2. Consider the charge 


configuration and spherical 
Gaussian surface as shown in 
the figure. When calculating 
the flux of the electric field 
over the spherical surface, the 
electric field will be due to 

(0) gz 

(c) all the charges 


(b) only the positive charges 

(@) +9, and-q, 

3. Total electric flux coming out of a unit Positive 
charge put in air is 
(a) &, 
(©) (4pey)" 


(b) ej! 
(a) ane, 
4. Inasystem, 'n' electric dipole are placed in a 


closed surface, The value of emergent electric 
flux from enclosed surface is 


@t wm @-24 
>, & * & 


(d) zero 


+0 


10. 


The intensity of electric field at the surface of 
conducting hollow sphere is 10 NC™ and its 
radius is 10 cm. The value of electric field at the 
centre of sphere is 


(a) zero (b)10NC (c) NC“! (a) 100 NC 


The surface densities on the surfaces of two 
charged spherical conductors of radii R, and R, 
are equal. The ratio of electric intensities on the 
surfaces are 

(a) RE /R} (b) RE RE 


()R/R,  (d)ast 


The electric flux in a charged spherical 

conductor is 

(a) zero inside and outside the sphere 

() maximum inside the sphere and zero outside the 
sphere 

() zero inside the sphere and decreases outside the 
sphere with increase of square of distance 

(d) maximum inside the sphere and decreases outside 
the sphere with increase of distance. 


. Radius of a hollow sphere is R anda charge q is 


placed at the centre of hollow sphere. If the 
radius of sphere becomes half and charge also 
becomes half, then the value of emergent total 
flux from the surface of sphere is 

(a)4gle, (b)2q/e, (c) g/2eq (d) qley 


The electric flux through the surface 


ze cy OO 


(a) in Fig. (iv) is the largest 
(iii) is the least 


(ii) is same as Fig. (iii) but is smaller than 


(d) is the same for all the figures 


Five charges 41, 42. 4a. 44, and qs are fixed at 


their positions as shown in Figure, S is a 
Gaussian surface. The Gauss’ law is given by 
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J, Eas = 1. Which of the following statements 
: 0 


is correct? 


(a) Eon the LHS of the above equation will have a 
contribution from q,.q5 and q,.q; and q, while q 
on the RHS will have a contribution from q, and 
4 only 

(b) E on the LHS of the above equation will have a 
contribution from all charges while q on the RHS 
will have a contribution from q, and q, only 

(c) Eon the LHS of the above equation will have a 
contribution from all charges while q on the RHS 
will have a contribution from q,,q3 andq, only 

(d) Both E on the LHS and g on the RHS will have 
contributions from q, and q, only 


VERY SHORT ANSWER Type Questions 


i. Can Gauss’ law in electrostatics tell us exactly, 
where the charge is located within the Gaussian 
surface? 


12. An arbitrary surface encloses a dipole. What is 
the electric flux through this surface? 
NCERT Exemplar 


13. Asquare surface of side / metres in the 
plane of paper is placed in a uniform electric 
field E acting along the same plane at an angle® 
with the horizontal side of square as shown in 
the figure. What is the electric flux linked to the 
surface? 


14. What is the net flux of the uniform electric field 
through a cube of side 20 cm oriented, so that 
its faces are parallel to the coordinate planes? 

NCERT 

15. What is the number of electric field lines that 


radiate outward from one coulomb of charge it 
vacuum? 


Electric Charges and Fields 


16. 


20. 


241. 


22. 


Does the strength of electric field due to an 
infinite long line charge depend upon the distance 
of the observation point from the line charge? 


How does electric field at a point charge vary 
with distance r from an infinitely long charged 
wire? 


Does the strength of electric field due to an 
infinite plane sheet of charge depend upon the 
distance of the observation point from the 
sheet of charge? Delhi 2010 


, How does the clectric flux due to a point charge 


enclosed by a spherical Gaussian surface get 
affected when its radius is increased? Delhi 2016 


Two charges of magnitudes - 20 and + Q are 
located at points (a, 0) and (4a, 0), respectively. 
What is the electric flux due to these charges 
through a sphere of radius 3a with its centre at 
the origin? All India 2013 


What is the electric flux through a cube of side 
1cm which encloses an electric dipole? 
All India 2015, 


(i) A charge q is placed at the centre of a cube. 
What is the electric flux passing through 
each face of cube? 

(ii) If radius of Gaussian surface enclosing some 
charge q is halved, then how does electric 
flux through Gaussian surface change? 


SHORT ANSWER Type Questions 


23. 


24. 


25. 


If the total charge enclosed by a surface is zero, 
does it imply that the electric field everywhere 
on the surface is zero, conversely, if the electric 
field everywhere on the surface is zero? Does it 
imply the net charge inside is zero? 

NCERT Exemplar 
Acharge q is enclosed by a spherical surface of 
radius R. If the radius is reduced to half, how 
would the electric flux through the surface 


change? 


Rank the Gaussian surfaces as shown in the 
figure. In order of increasing electric flux, 
Starting with the most negative. 


26. 


27. 
28 


29. 


30. 


31. 


32. 


Consider the charge 
configuration and a spherical ‘ 
Gaussian surface as showninthe ; H 
figure. ‘ j 
Which one of the three charges 
will be the cause of electric field 
while calculating the flux of the field over the 
spherical surface? 


Deduce Coulomb's law from Gauss’ law. 


What will be the electric field intensity 
at the centre of a uniformly charged circular 
wire of linear charge density? 


Athin straight infinitely long conducting wire 
having charge density ?. is enclosed by a 
cylindrical surface of radius r and length /, its 
axis coinciding with the length of the wire. Find 
the expression for the electric flux through the 
surface of the cylinder. AllIndia 2011 


Ahemispherical body is placed in a uniform 
electric field E. What is the flux associated with 
the curved surface, if field is 

(i) parallel to base? 

(ii) perpendicular to base? 

Consider two hollow concentric spheres S, and 


S, enclosing charges 2Q and 40 respectively, as 
shown in the figure. 


(i) Find out the ratio of the electric flux 
through them. 

(ii) How will the electric flux through the sphere 
S, change, if a medium of dielectric constant 
e, is introduced in the space inside S, in place 
of air? Deduce the necessary expression. 


Asquare surface of side / metre is in the 
plane of paper. A uniform electric field E 
(volt/metre), also in the plane of the paper, is 
limited only to the lower half of the square 
surface, (see figure). What is the electric flux 
associated with this surface? 


TEL 


42 


33. Consider an electric field E = Ey, where Ey is. 8 


constant, What is the flux through the shaded area 
(as shown in figure) due to this field? 


34. Given the electric field in the region E= 2xi, find 


the net electric flux through the cube and the 
charge enclosed by it. All India 2015 


? 


LONG ANSWER Type I Questions 


35. State Gauss’ law in electrostatics. A cube with 
each side ais kept in an electric field given by 
E = Ciias shown in the figure, where Cis a 
positive dimensionless constant. 
Y, 


[ala 
z 
Find out 
(i) the electric flux through the cube and 
(ii) the net charge inside the cube. —_Forejgn 2012 


36. Use Gauss’ law to derive the expression for the 
electric field between two uniformly charge 
parallel, sheets with surface charge densitieso 
and —o, respectively. All India 2009 


37. Careful measurement of the electric field at the 
surface of a black box indicates that the net 
outward flux through the surface of the box is 
8.0 x 10° N-m?C"!. 

(i) What is the net charge inside the box? 

(ii) If the net outward flux through the surface of 
the box was zero, could you conclude that 
there were no charges inside the box. Why or 
why not? NCERT 
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LONG ANSWER ‘Type IT Questions 


38. (i) Define electric flux. Write its SI unit. Gauss 
law in electrostatics is true for any closed 
surface, no matter what its shape or size is, 
Justify this statement with the help of a 
suitable example. 

(ii) Use Gauss’ law to prove that the electric 
field inside a uniformly charged sphericaj 
shell is zero. Delhi 2015 


39... (i) State Gauss’ theorem. 

(ii) Using Gauss’ law, prove that the electric 
field at a point due to a uniformly charged 
infinite plane sheet is independent of the 
distance from it. 

(iii) How is the field directed, if 
(a) the sheet is positively charged, 

(b) negatively charged? Delhi 2012 


40. (i) Use Gauss’ theorem to find the electric 
field due to a uniformly charged infinitely 
large plane thin sheet with surface charge 
density c. 

(ii) An infinitely large thin plane sheet has a 
uniform surface charge density +o. Obtain 
the expression for the amount of work done 
in bringing a point charge q from infinity to 
a point, distant r, in front of the charged 
plane sheet. All India 2017 


41. (a) Define electric flux. Is it a scalar or a vector 
quantity? 
A point charge q is at a distance of d/2 
directly above the centre of a square of 
side d, as shown in the figure. Use Gauss’ 
law to obtain the expression for the electric 
flux through the square. CBSE 2018 


q 


/ 


If the point charge is now moved to # 
distance d from the centre of the square 
and the side of the square is doubled 
explain how the electric flux: will bé 
affected. 


(b) 


Electric Charges and Fields 


NUMERICAL PROBLEMS 


42. 


43. 


45. 


47. 


48. 


An infinite line charge produces a field of 
9x10‘ N/C ata distance of 2 cm, Calculate the 
linear charge density, NCERT 


Apoint charge + 101Cis ata Som 


distance 5 cm directly above 

the centre of a square of [ 

side 10 cm, as shown in & 

figure. What is the 2 

magnitude of the electric d 

flux through the square? = 10 cm—+i 
NCERT 


Apoint charge of 2.0 Cis at the centre of a 


cubic Gaussian surface 9.0 cm on edge. What is 
the net electric flux through the surface? NCERT 


Consider a uniform electric 
fieldE=3 x 10°iN/C. 
(i) What is the flux of this field through a 


square of 10cm on a side whose plane is 
parallel to the YZ-plane? 

(ii) What is the flux through the same square, if 
the normal to its plane makes an angle 60° 


with the X-axis? NCERT 


Given a uniform electric field E=5 x 10°iN/C, 
find the flux of this field through a square of 

10 cm ona side whose plane is parallel to the 
YZ-plane. What would be the flux through the 
same square, if the plane makes an angle of 30° 


with the X-axis? Delhi 2014 


Auniformly charged conducting sphere of 

diameter 2.4 m has a surface charge density of 

80.0 1C/m’. 

(i) Find the charge on the sphere. 

(ii) What is the total electric flux leaving the 
surface of the sphere? NCERT 


Ahollow cylindrical box of Jength 1 m and area 
of cross-section 25 cm’ is placed in a three 
dimensional coordinate system as shown in the 
figure. The electric field in the region is given by 
E= 50xi, where £ is in NC“'and xis in metre. 


50. 


43 


Find 


(i) net flux through the cylinder and 
(ii) charge enclosed by the cylinder. 
Delhi 2014 


49. Auniform electric field is given as E =100iN/C 


forx>Oand E = 100i N/Cfor x <0. Aright 

circular cylinder of length 20 cm and radius 

5cm has its centre at the origin and its axis 

along the X-axis, so that one face is at 

x= +10.cm and other is at x =-10 cm. 

(i) What is the net outward flux through each 

flat face? 

(ii) What is the flux through the side of 
cylinder? 

(iii) What is the net outward flux through the 
cylinder? 

(iv) What is the net charge inside the cylinder? 


Two large thin metal plates are parallel and 
close to each other. On their inner faces, the 
plates have surface charge densities of opposite 
signs and of magnitude 
11.0.x10""Cm™. What is E 

(i) to the left of the plates, 

(ii) to the right of the plates and 


(iii) in between the plates? NCERT 


51, Apoint charge causes an electric flux of 
-1.0x10® N-m?/C to pass through a spherical 
Gaussian surface of 10.0 cm, radius centred on 
the charge. 

(i) If the radius of the Gaussian surface were 
doubled, how much flux would pass through 
the surface? 


(ii) What is the value of point charge? NCERT 


52. The electric field components in given figure 
ave Ey =ax!?, Ey = Ey = 0, in which 
a= 600N/ C-m"?, 


y 


i 


Calculate (i) the flux through the cube and 
(ii) the charge within the cube. Assume that 


[= 0.1m. 


AMM 
P 
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5. 


7. 


2 


10. 


| HINTS AND SOLUTIONS 


(c) The SI unit of electric flux is N-m? C7". 


(c) As flux = festest, So, flux is due to only charges + q1 
¥ 

and ~ q, that makes a sum zero. But q, produces its own 

flux and net flux linked with sphere is zero, Electric field 

will be due to all the charges. 

(©) By Gauss’ law, 6 = Electric flux through closed 

surface area 


(d) According to the definition of an electric dipole, net 
charge in enclosed surface = + q — q=0 
Hence, electric flux, 

be = 


& 


0 


(a) Inside the conducting sphere, electric field at every 
point is zero. 

(d) Intensity of electric field on the surface of 
conducting sphere, (E =< /€,). 

Since, both charged spheres have same surface charge 
density, so according to Gauss’ theorem, these have same 
electric intensity ive., the ratio is1:1. 

(c) Electric flux is zero inside of spherical conductor and 
outside is E o ( 1/r?) and decreases outside the sphere 
with increase of distance. 


- (c) According to Gauss’ law, emergent flux, 6 =. 


Ey 
If charge becomes half, then the value of charge in the 


surface isq"=4, sog=—, 


(d) Gauss’ law of electrostatics state that the total of the 
electric flux out of a closed surface is equal to the charge 


enclosed decided by the permittivity i.c., Q electric = 2 
Ey 

Thus, electric flux through a surface doesn’t depend on 

the shape, size or area of a surface but it depends on the 

number of charges enclosed by the surface. 

So, here in this question, all the figures have same 

electric flux as all of them has single positive charge. 


(b) According to Gauss’ law, the term q on the right side 
of the equation | E-4$ = = includes the sum of all 


0 
charges enclosed by the surface. 


12, 


13. 


14. 


15. 


16. 


17. 


18. 


19. 


20. 
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The charges may be located anywhere inside the surface, 
if the surface is so chosen that there are some charges 
inside and some outside. the clectric field on the left side 
of equation is due to all the charges, both inside and 
outside S. So, Eon LHS of the above equation will have a 
contribution from all charges while g on the RHS will 
have a contribution from q, and q, only. 


. No, it tells us only about the magnitude of charge 


enclosed by the Gaussian surface. 

If any arbitrary surface encloses a dipole, then the net 
charge is zero because the total charge on the dipole is 
zero (dipole consists of two equal and opposite charges), 
According to Gauss’ law, 


total fux=—-x chargé énelosed = 1x (d)=0 = g=0 
& & 
Since, E is acting along the same plane at an angle 8 as 
shown in the figure, therefore electric flux, 
= EA cos 0, where @ is angle between E and normal to 
surface, ie. 

0=90° = b=FA cos 90° =0 
As we know that, the number of field lines entering in the 
cube is the same as that the number of field lines leaving 
the cube. So, no flux is remained on the cube and hence, 
the net flux over the cube is zero, 


Number of electric field lines = — =-_____ 
‘0 8.85x 10°" 

=113x10" [vq =1C] 
Yes, the electric field due to an infinitely long line 
charge depends upon the distance of the observation 
point from the line charge. 


The electric field due to a line charge falls of with 
distance as 1/r, 


No, the electric field due to an infinite plane sheet of 
charge does not depend upon the distance of the 
observation point from the plane sheet of charge. 
According to question, electric lux () due to a point 
charge enclosed by a spherical Gaussian surface is given 


by 
O=E-A 


=F gee? 


kq-an { b= anda =4ne] 
F 


So, there is no effect of change in radius on the electric 
lux. 


Gauss’ theorem states that the total electric flux linked 
with closed surface S, 


=E-ds= 
be E, 


Electric Charges and Fields 


where, q is the total charge enclosed by the closed 
Gaussian (imaginary) surface, 


The sphere enclosed charge = — 29 
Q 


Therefore, = 2 Gnwards) 
os 


2. 


Since, according to the Gauss” law of electrostatics, 
electric flux through any closed surface is given by 


op =fe-ds =4 ti) 
& 
where, E = electrostatic field, 
q = total charge enclosed by the surface 
and — £9 = absolute electric permittivity of free space. 
So, in the given case, cube encloses an electric dipole. 
Therefore, the total charge enclosed by the cube is zero. 


ie. q=0 
Therefore, from Eq. (i), we get 
4 
stzo 
be e 


ie. Electric flux is zero. 
22. (i) Flux through each face 


al{f)i4 
6le,) be, 
(ii) Blectric flux, 6 = a since q does not change, > will 
Ey 


remain same. 


28. No, since fE-dS = 4 =0, therefore the field may be 
0 
normal to the surface. 
However, the reverse is true, ie, when E = Oeverywhere on 
the surface, the net charge inside is zero, 


24. We know that, 6 Qencloed 


&y 
Here, Q.scioa Femains unchanged. Hence, electric lux 
through the surface remains same. 


35. ive charge, hence it has 


Since, surface D enclosed negil 
least ux negative. 

In parts C and A, there is zero net charge, hence flux is 
2e10, surface B has most flux, which is positive in nature, 
Since it consist Positive charge, i.e. +2q. 

Refer to Example 3 on page 37. 


26, 


45 


27. According to Gauss’ theorem, 
SE 


£ 


Gaussian surface 


fpeas=4 => Ean at 
is & 


a 0 


e=—4 
4anegr? 
Ifa charge q, is kept on the surface, then 
F=E xq, = —110_, which is Coulomb's law. 
Aner? 

28. A uniformly charged circular wire can be considered to 
be subdivided into pairs of diametrically opposite 
elements. The electric field intensity at the centre of 
wire due to each of the pairs is zero, therefore the 
electric field intensity due to the entire circular wire will 
be zero. 


29.| Hints: A thin straight conducting wire will have a 
uniform linear charge distribution. 


Let q charge be enclosed by the cylindrical surface. 


. Linear charge density, 4 =4 = qs a 


By Gauss’ theorem, 
total electric flux through the surface of cylinder, 


[rom Eq, ()] 


30. Considering the hemispherical body as a closed body 
with a Curved Surface (CS) and a Plane Surface (PS), the 
total Mux (9) linked with the body will be zero, as no 
charge is enclosed by the body. 


P= es + Ops =0 ei) 
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32. 


33. 


34. 


(i) When field is parallel to the base, 
= Ex mR? cos 90° =0 


(ii) When field is perpendicular to the base, 
ps = E x mR? cos 180° 
=— ExR’ 
From Eq. (i), we get 
$5 ~ ENR’ =0 

= es = EnR® 
(i) According to Gauss’ theorem, 

Xq 


bs, 20440 60 3 
(ii) Ifa medium of dielectric constant &, is introduced in 
the space inside S, in place of air, then 
Xq _ 2 
$5, = 2a _ 20 
EE, Eo, 

Electric flux @ is a measure of number of field lines 
crossing a surface. The number of field lines passing 
through unit area (N/S) will be proportional to the 
electric field, i.e. N/S e E 
=> No@ ES 
The quantity ES is the electric flux through surface . As in 
the given question, the field lines that enter the closed 
surface leave the surface immediately, so the net electric 
flux is bound to the system. Thus, electric flux is zero, 
We have, E= E,z 
Consider %, 9 and 2 be the unit vectors along X, Y and 
Z-axes, respectively. 
In the figure, shaded area, A = PQ x PS 

A =(0z + af +02) x (ak + OF + a2) =a°S —a°% 
«Electric flux through the shaded area is given by 

= E-A=(E,k)-(a’% — a2) = Ega” 

Since, the electric field has only x-component, for faces 
normal to x-direction, the angle between E and AS is 


+ Therefore, the flux is separately zero for each of the 
2 


cube except the shaded ones. 
The magnitude of the electric field at the left face is 
E,=0 [as x = Oat the left face] 
The magnitude of the electric field at the right face is 


E,=3a [as, x =qat the right face} 
The corresponding fluxes are 
6, = B, AS=0 
and , = E, AS 


= E,AS cos = E,AS 
> y= Eg? 


(r0=07) 
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Net flux () through the cube 
=O, +0, =04 Epa? 


Eya? 


=> q = 2a(a)’ = 2a" 


We can use Gauss’ law to find the total charge q inside 
the cube. 


iis _ a 


& Ey 


35. Refer to text on page 36 
(i) Now, the electric field, E = Cxi is in x-direction only, 
So, face with surface normal vector perpendicular to 
field would give zero electric flux, ie 
), through it. 


ae ay 


-—a——a 


Zi 
So, flux would be across only two surfaces. 


Magnitude of E at left face, 
E,=Cx=Ca 
Magnitude of E 


[x =aat left face] 


at right face, 
Ep 2ac 
Thus, corresponding fluxes are 
$, = E, -dS = E,dScos® 
=-aC xa? =-a'C [is 
dS 
aC dS cos @ 
20°C 


[v = 2aat right face] 


and 


Ca’ 


Now, net flux through cube 
1+ Oe 
aC + 20°C 
=a’C N-mict 
(ii) Net charge inside the cube, again we can use Gauss 
Jaw to find total charge q inside the cube. 
We have, = or q= Oey 
0 
=> qz=a'Ce, 
3G. Let us consider two uniformly charge parallel sheets 
carrying surface charge densities + 6 and -6 
respectively and are separated by a small distance from 
each other. 


Electric Charges and Fields 


By Gauss’ law, it can be proved thal, electric field 
intensity due to a uniformly charged infinite plane sheet 


as nearby is given by, E = 2 


2e, 
to -s 
+ 5 
a 2 
yp Si 
4 E,|- 
+ 5 
4 4 
+ an - 
? 


The electric field is directed normally outward from the 
plane sheel, if nature of charge on sheet is positive and 
normally inward, if charge is of negative nature. Let ¢ 
represents unit vector directed from positive plate to 
negative plate. : 

Now, electric field intensity (EFI) at any point P between 
the two plates is given by 


[due to positive plate] 


[due to negative plate] 


E=E, +E, 


Thus, uniform electric field is produced between the 
two infinite parallel plane sheet of charge which is 
directed from positive plate to negative plate. 

37. Here, 6=80%10* N-m?C 


(i) Suppose that the net charge inside the box is q, then 
according to Gauss’ theorem, 


=Forq=e0 


7 
" €, = 8854x107 C*°N tm? 
q = 8.854 x10" x8,0x10° 
= 70.832 «10°C 


(ii) Ifthe net outward flux through the surface of the box is 
zero, then it cannot be concluded that there is no 
charge inside the box. There may be equal amount of 
positive and negative charges inside the box. 
Therefore, if the nel outward flux is zero, we cannot 
conclude that the charge inside the box is zero. 

One can only say that the net charge inside the box is 
zero, 


38. (i) Electric flux over an area in an electric field 
represents the total number of electric field lines 
crossing the area. The SI unit of electric flux is 
N-m?C7!, 

According to Gauss’ law in electrostatics, the surface 
integral of electrostatic field E produced by any 
source over any closed surface 5 enclosing a volume V 


47 


in vacuum, i.e, total electric flux’ over the closed 
surface S in vacuum, is1/e, times the total charge (q) 
contained inside 5, ic. 

be = f Eds= 1 

5 0 
Gauss’ law in clectrostatics is true for a closed surface, 
ho matter what its shape or size is 
So, in order to justify the above statement, suppose in 
isolated positive charge q is situated at the centre O of 
a sphere of radius r, 
According to Coulomb's law, electric field intensity at 
any point P on the surface of the sphere is 
ae 


where, fis unit vector directed from O to P. 
Consider a small area clement dS of the sphere around 
P. Let it be represented by the vector dS + a-dS. 
where, Ai is unit vector along out drawn normal to the 
area element. 


+. Electric flux over the area element, 


db, = E-dS 
-( u eae 
4ney r° 
Eds=—1. 48.9.4 
4ney 


As normal to a surface of every poi 
radius vector at that point, therefore é 


Bist 88 
Amey rf 


Integrating over the closed surface area of the sphere, 
we get total normal electric flux over the entire 


is along the 
=1 


sphere, 
qd fic 
bp = fEdS= has 
pi aaa 
=—L_ x total area of surface of sphere. 
Aner’ 
=—4 z(tnry= 1 
4ne yr’ Ey 


Hence, f, E-d$ =, which proves Gauss’ theorem, 
&y 


(ii) Blectric field inside a uniformly charged 
spherical shell 
Refer to text on pages 38 and 39, 


39. (i) Refer to text on page 36. 
(ii) and (iii) Refer to text on page 38. 


40. (i) Refer to text on page 38. 


(ii) Surface charge density of the uniform plane sheet 
which is infinitely large =+6. The electric potential 
(V) due to infinite sheet of a uniform charge density 
+9, 


The amount of work done in bringing a point charge q 
from infinite to point, at distance r in front of the 
charged plane sheet, is 


a q’ 
2, 2Ey 


W=q' xV=q’- joule 


Al. (a) Electric flux It is defined as the total number of 


electric field lines that are normally pass through that 
surface, 


Total electric flux 6 over the whole surface S due to an 
electric field E is given as 


= fE-ds =fEds cos8 
5 


It is a scalar quantity. 


From the given problem, q is the point charge at a 
distance of Z directly above the centre of the square 


side. 


Now, construct a Gaussian surface in form of a cube 
of side d to evaluate the amount of electric flux. 

«+ We can calculate the amount of electric flux for six 
surfaces by using Gauss’S law, 


Op= J E-ds=£ 
+ & 
+. For one surface of the cube, amount of electric flux 


q 


is given as 6,’ =—4 
6, ¥ 
(b) Even if the point charge is moved to a distance d from 
the centre of the square and side of the square is 
doubled, but amount of charge enclosed into the 
Gaussian surface does not changes, 
+: The amount of electric flux remains same. 


42. Here, E= 9x10" N/C,r = 2cem=2x107 m 


and A=? 


kK wutte. => A = One yrE 
2neyr 


1 
=>, X 2x10 X9x104 = 107 Cm" 
2x9x10" ag Cm 
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43, | Hints: Think of the square as one face of a cube with | 


44, 


edge 10 cm, | 


Electric flux linked with a surface can be calculated 
using Gauss’ theorem, according to which total electric 


flux linked with a closed surface is“. 


fy 
Now, we imagine an enclosed cubical surface and the 
given square be one side of this cubical surface. Let a 
charge q be placed at the centre of cube. 
Now, the figure looks like as shown below. 


k—10em —4t 


The total flux enclosed through the centre of cube is 
given by 
4 
¢ fs i) 
[according to Gauss’ theorem] 

Here, gq =10pC 
The flux enclosed by one face, ie. square is 1/6 of total 
flux (because the cube has six square shaped faces), so 
the flux linked with each square, 


rae [from Eg. (i)] 


10x 10° 2 
WK =1.88x 10° N-m?/C 
6 8854x190" 


Thus, the flux linked with the square is 
1.88x 10° N-m?/C, 


Let us consider a charge q is placed at the centre of a 

cubic Gaussian surface. As per the question, 
q=2nC = 2x10%C 

Length of edge = 9 cm 


“a 


b= 9 cm—4} 


According to Gauss’ theorem, the net electric flux (9) 
through the surface is given by 


g__ 2x10 
&) 8854 x 10°? 


Thus, the net electric flux through the surface is 
2.26 x 10° N-m?/C, 


= 2.26 x 10° N-m?/C 


Electric Charges and Fields 


45. Electric field, E = 3x 10°F N/C, Le. electric field is directed 
towards X-axis (due to involvement of f) 


(i) As the surface is in YZ-plane, so the area vector 
(normal to the square) is along X-axis. 


Y 


Z . 
Area, § = 10X10 =100 cm? = 10°? m? 
Area vector, $=10"i m? 
Using the formula of electric flux, 
$= E-S= ES cos 8 
=ES (+ angle between E and $ is 0°] 
=3%10° x10-*=30N-m7/C 
(i) Now, the area vector makes an angle of 60° with 
Xaxis. 
E=3x10°i NIC 
$=100 cm? = 107*m?, @ = 60° 
Using the formula of electric flux, = E-S 
= 6 =ES cos @=3x 10° x 107 "cos 60° 
=3x10x2 
2 


=15N-m7/C 
AG. Given, electric field intensily, 
E=5x 10° iN/C 
Magnitude of electric field intensity, 
[E]=5x10° NIC 
Side of square, $ 
Area of square, A = (0.1) 


0. cm= 0.1 m 
.01 m? 


The plane of the square is parallel to the yz-plane. 
Hence, the angle between the unit vector normal to the 
plane and electric field is zero, ic. 8 =0°. 


~. Flux through the plane, 
=|E|x A cos @ 
= 5x 10° x001 cos 0° 
=50N-m7/C 
Ifthe plane makes an angle of 30° with the X-axis, then 
@=60% 
* Flux through the plane, 
=|E|x A x cos 60° = 5x 10° x 0.01% cos 60° 


and = 800 pC/m? 
(i) Charge on sphere, g = 4nR?-a 
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= 4%3,14 x(1.2)" x80 


= 1446,912 1c 
=145x 10°C 
(ii) Electric flux, = 
° 
_ 1.45«107 
8854 x10° 
= 0.1637 x10" 
= 1.637 x10° N-m?/C 
48. (i) Y 
Y x 
‘Ra: 
Tm ne 
Zz 
Given,  E=50xi 
and AS = 25cm? 


= 25x10? 
As the electric field is only along the X-axis, so flux 
will pass only through the cross-section of cylinder. 
Magnitude of electric field at cross-section A, 
E,=50x1= 50NC* 
Magnitude of electric field at cross-section B, 
E, =50x2=100NC7 
The corresponding electric fluxes are 
0, =E,4:AS 
0x 25x10 x cos 180° 
0.125N-m? Cc 
2 AS 
00x 25x10 x cos 0° 


So, the net flux through the cylinder, 
9= 04 +0, =~ 0.125+0.25 
=0.125N-m? ct 
(ii) Using Gauss’ law, 


hE-ds=4 he fE-dS = 
§ ‘ fe PE-d = 4] 
=> 0,125 —_4_ 

885x107" 
> q = 8.850.125 x10" = 11x10? © 


49, (i) On the left face, the outward Mux, 
$, = E: AS = -100i- AS = 100A8, 
since 7/AS=~-AS 
= 100 x (0.05)? = 0.785 N-m2C7! 
On the right face, E. and AS are parallel and therefore, 
4 = E-AS = 0.785 N-m?C™! 


(ii) For any point on the side of the cylinder, EL AS and 
hence E-AS =0 
~. Flux out of the side of the cylinder =0 


50 


(iii) Net outward flux through the cylinder, 

= 0.785+ 0.785+0 
=1.57 N-m?c" 

(iv) From Gauss’ law, the net charge within the cylinder 
= 1.57% 8.854 x10-7C 
= 1.39x10NC 

50. We know that, 

6 = 17.010 Cm™ 

(i) Eon the left of the plates is zero. 


(ii) Eon the right of the plates is zero. 


(iii) In between the plates, E = © 


&y 


17.0x10* 
8.85 x10"? 
9 «107 NC 
51. Refer to Example 5 on page 39. 
52. Given, Ey =ax'”?, Ey =0, 


& = 60ON/C-m'?,1=0.1m,o= 


qa? 
As the electric field has only x-component, therefore 
E-4S= , =0 for each of four faces of cube 
Perpendicular to Y-axis and Z-axis, 


Flux is there only for left face L and right face Rof 
the cube. 
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vel 
=al'? 


At the left face, 


The flux for left face of cube, 
, = E, AS = al"? (I?) cos 180° = — al” 
Similarly, at right face, x =/+1=21 
The flux for right face of cube, 
Ep =a(2l)* 
$n = Ep AS 
= a(2)'7(") cos 0° 


=aP? 2 


The net flux through the cube, 
O= On + oy 
=al? V2 - a? 
=al® (J2 -1) 
= 600 (0.1) (2-1) 
= 0.785 N-m* C7! 
Apply Gauss’ theorem and the charge within the cube, 
q = &0 = 8.85% 10" x 0.785 
= 6.95x 10°" ¢ 


SUMMARY 


+ Electric Charge It is the intrinsic property of the material 
which is responsible to exert the electric force. 

«+ Conductors and Insulators Conductors ara those 
substances which conduct the electricity, whereas insulators 
are those substance which cannot conductor electricity. 

» Charging by Induction The process of charging a neutral 
body by bringing a charged body nearby it without making 
contact between the two bodies is called charging by 
induction. 

+ Quantisation of Electric Charge The charge on any body 
can be expressed as an integral multiple of basic unit of 
charge, i.e. charge on one electron. It can be expressed as 

q=t ne, wheren =1,2,... 

* Coulomb's Law The force of interaction (attraction or 
fepulsion) between two stationary point charges in vacuum 
is directly proportional to the product of the charges and 
inversely proportional to the square of distances between 
them, 
ie. Fs ‘nde 

r 

* Superposition Principle Force on any charge due to 
number of charges is the vector sum of all the forces on that 
charge due to other charges, taken one at a time. 


* Electrostatic Force due to Continuous Charge 
Distribution 


4, where 2 is a linear charge density. 


where ois a surface charge density. 


where8 is a volume charge density. 


* Electric Field It is the space around the given charge in 
Which another charge experiences an electrostatic force of 
fepulsion or attraction. 


* Electric Field Lines It is a path traversed by a test charge 
@found the given charge, 
* Properties of Electric Field Lines ’ 


Electric lines of force start from positive charges and end at 
negative charges. . 


Two field lines never intersect each other. 
These are perpendicular to the surface of charged conductor. 
These do not pass through a conductor. 


* Electric Field Intensity At a point is the force experienced per 
unit positive test charge placed at that point without disturbing 

F 

E= (£ 


the source charge, i.e. 
I 


* Electric Dipole Itis a pair of point charges with equal magnitude 
and opposite in sign separated by a very small distance 
= Dipole Moment It is the product of the charge and separation 
between the charges, i.e. p=2a-q 
* Electric Field Intensity due to an Electric Dipole 
Ata point on axial line, € = 24 
(FF 


2kp 
Ata point on equatorial line, E = Wa Fp? 


_ p¥3cos?8+1 


Alanypoint, | E| 
WP (el 4negr? 


= Torque on an electric Dipole in a Uniform Electric Field It is 
givenby, t= pE sin 

* Work done on Dipole in a Uniform Electric Field Total work 
done in rotating the dipole from orientation @, to 6. is 

W = pE(cos @, —cos 0.) 

= Electric Flux It is defined as the total number of electric lines of 
force passing normally through the surface, 

= Gauss’ Theorem The surface integral of the electric field inter 


a 
over any closed surface in free space is equal to — times the net 
Ey 


charge enclosed with in the surface. 
q 

=fEos-2 

t=fe0s-2 


= Applications of Gauss’ Theorem 


Field due to an infinitely long straight charged wire, & = —* 


KE of 


Field due to thin infinite sheet of charge, E = = 
eo 
Field due to a uniformly charged thin spherical shell 
oR® 


Outside the shell, E = 


Ef 


On the surface of shell, E = 


Inside the shell, E = 0 


| CHAPTER 
PRACTICE 


OBJECTIVE Type Questions 
1. Ancgatively charged object X is repelled by 


another charged object Y. However, an object Z 
is attracted to object ¥. Which of the following 
is the most possibility for the object Z? 

CBSE SQP (Term-I) 
(a) Positively charged only 
(b) Negatively charged only 
(c) Neutral or positively charged 
(d) Neutral or negatively charged 


. In an experiment, three microscopic latex 


spheres are sprayed into a chamber and 
became charged with charges + 3e, + 5e and — 3e, 
respectively. All the three spheres came in 
contact simultaneously for a moment and got 
separated. Which one of the following are 
possible values for the final charge on the 
spheres? CBSE SQP (Term-I) 
(a) + Se, —4e, +5¢ 

(b) + 6e, + 6e,-7e 

(c) + 4e, + 3.5e, + 5.5€ 

(d) +5e, —8e,+7e 


An object has charge of 1 Cand gains 5.0 x 10° 
electrons. The net charge on the object 
becomes CBSE SQP (Term-D 
(a)-0.80C (b) +0.80C 

(c) + 1.80 C (d) + 0.20C 


The number of electrons that must be removed 
from an electrically neutral silver dollar to give 
ita charge of +2.4 Cis 

(a) 2.5x10"° (b) 1.5x10" 


(c) 1.5107" (d) 2.5x107" 


Two identical metallic spheres having charges 
+4g and -2q are placed with their centres r 
distance apart. Force of attraction between the 
spheres is F. If the two spheres are brought in 
contact and then placed at the same distance r 
apart, the force between them 

(a) F (b) F/2 

()F/4 (Fis 


6. 


9 


In the following configuration of charges, 
force on charge qo by q, is given by 


@) Fae Un 
@) Fa = BP in) 
© Fam ae Ute 


(here, r=r,, = |r, —1, ) 
If charges q, q and —q are placed at vertices of 
an equilateral triangle of side /. If F,, F, and 
are the forces on the charges respectively, then 
ka? 
[RR +R [v3 
(b) | F. +F, +F,|=0 
Aq? 
© |R. +h +F, j=32 4 


@ IR +R +R |=voAt 
Four objects W, X,Y and Z each with charge +4 
are held fixed at four points of a square of side 
das shown in the figure. Objects X and Z are of 
the mid-points of the sides of the square. The 
electrostatic force exerted by object W on 
object X is F, then the magnitude of the force 
exerted by object Won Zis  CBSESQP (Term! 


Electric Charges and Fields 


9. Three charges q,-q and o Are placed as shown 
in figure. The magnitude of the net force on the 


charge goat point O is (re, K= ~ 


Eg, 


CBSE 2021 (Term-I) 


rr 
aq 
t 
a 
% q 
Ol—eos, 
2K 
@o (0) “Me 
@ 
© vekade (q 2. Kade 
a V2 a? 


10. Two point charges placed in a medium of 
dielectric constant 5 are at a distance r between 
them, experience an electrostatic force F. The 
electrostatic force between them in vacuum at 
the same distance r will be 


(@)5F (b) F (c) Fi2 (a) F/5 
11. The magnitude of electric field due to a point 
charge 29, at distance ris E. Then, the 


magnitude of electric field due to a uniformly 
charged thin sphere shell of radius R with total 


charge q at a distance 5 (r>> R) will be 
CBSE SQP (Term-I) 
E 
(a= 0 
) ri (b) 
(0) 2E (d)4E 
12. Two point charges + 8q and — 2g are located at 
*=Oand x = L, respectively. 
The point on X-axis at which net electric field is 
zero due to these charges, is 
(a)8L (b) 4b (c)2L (d) L 
13, Two parallel large thin metal sheets have equal 
surface densities 26.4 x 10” ? C/m?of opposite 
signs. The electric field between these sheets is 
CBSE SQP (Term-]) 
(b)1.5 x10" N/C 
(d) 3N/C 


(@) 1.5 N/C 
(c)3 x10" N/C 
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14. A small object with charge q and weight mgis 
attached to one end of a string of length L 
attached to a stationary support. The system is 
placed in a uniform horizontal electric field E, 
as shown in the given figure. In the presence of 
the field, the string makes a constant angled 
with the vertical. The sign and magnitude of q 

CBSE SQP (Term-1) 


- E 


mg 
a 


(a) positive with magnitude mg/E 

() positive with magnitude mg/E tan@ 
(c) negative with magnitude mg/E tan® 
(d) positive with magnitude E tan@/ mg 


15. Unit of electric field is 
Or Unit of electric field intensity is 


Or The unit of intensity of electric field is 


Nim ()CN (NIC (IN 
16. Electric field of a system of charges does not 
depend on 


(a) position of charges forming the system 


(b) distance of point (at which field is being observed) 
from the charges forming system 


(c) value of test charge used to find out the field 
(d) separation of charges forming the system 


17. For the dipole shown, 


@—2 © 
3 


Dipole moment is given by 


ze a = 
(a) p=qx2ap (b) pa aaX2ap 


() p=-qx 2ap (@) p=4q x 2ap 


18. An electric dipole of moment pis placed 
parallel to the uniform electric field. The 
amount of work done in rotating the dipole by 
90° is CBSE SQP (Term-1) 

(a) 2pE (b) pE 
(c) pE/2 (a) zero 
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19. Which statement is true for Gauss! law? 

(a) All the charges whether inside or outside the 
gaussian surface contribute to the electric flux. 

(b) Electric flux depends upon the geometry of the 
gaussian surface. 

(c) Gauss’ theorem can be applied to non-uniform 
electric field. 

(a) The electric field over the gaussian surface remains 
continuous and uniform at every point. 


20. 


Asquare sheet of side ais lying parallel to 
XY-plane at z = a. The electric field in the region 
is E =cz?k. The electric flux through the sheet is 

CBSE SQP (Term-1) 
@ate Wie © pate (do 
21. Gauss’ law is true only if force due to charges 
varies as 


rt rt 
For a given surface, the $E-dS = 0. From this, we 


@re @ ro 


22, 


can conclude that 

(a) Eis necessarily zero on the surface 

(b) E is perpendicular to the surface at every point 
(c) the total flux through the surface is zero 

(d) the flux is only going out of the surface 


23. Acharge ona sphere of radius 2 cm is 2u€ 
while charge on sphere of radius 5 cm is 5uC. 
Find the ratio of an electric field on distance of 
10 cm from centre of the sphere. 


(a)1:1 (b)2:5 (ce) 5:2 


ASSERTION AND REASON 


Directions (Q. Nos. 24-31) Jn she following questions, two 
statements are given- one labelled Assertion (A) and the other 
labelled Reason (R). Select the correct answer to these questions 
from the codes (a), (b), (c) and (d) as given below 
(a) Both Assertion and Reason are true and Reason is 
the correct explanation of Assertion. 
(b) Both Assertion and Reason are true but Reason is 
not the correct explanation of Assertion, 
(c) Assertion is true but Reason is false. 
(d) Assertion is false but Reason is true. 


(d) 4:25 


24. Assertion Ifa point charge be revolved ina 
circle around another charge as the centre of 
circle, then work done by electric field will be 


zero. 


Reason Work done is equal to dot product of 
force and displacement. 
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Assertion A positive point charge initially at 
rest in a uniform electric field starts moving 
along electric lines of force. (Neglect all other 
forces except electric forces). 

Reason A point charge released from rest in an 
electric field always moves along the line of force, 


25. 


26. Assertion Electric force between two charges 
always acts along the line joining the two 
charges 
Reason Electric force is a conservative force. 


27. Assertion When a neutral body acquires 
positive charge, its mass decreases. 
Reason A body acquires positive charge when 


it loses electrons. 

Assertion In a non-uniform electric field, a 
dipole will have translatory as well as rotatory 
motion. i 

Reason In anon-uniform electric field, a dipole 
experiences a force as well as torque. 


28. 


29. Assertion Eoutside vicinity of a conductor 
depends only on the local charge density o and 
it is independent of the other charges present 
anywhere on the conductor. 

Reason Ein outside vicinity of a conductor is 
given by ©. 
£o 


30. Assertion Upon displacement of charges 
within.a closed surface, Eat any point on the 
surface does not change. 

Reason The flux crossing through a closed 
surface is independent of the location of charge 


within the surface. 


31. Assertion If Gaussian surface does not enclos? 
any charge, then Eat any point on the Gaussian 
surface must be zero. 

Reason No net charge is enclosed by Gaussian 
surface, so net flux passing through the surface 
is zero. 


CASE BASED QUESTIONS 


Directions (Q.Nos. 32-34) These questions are case stud) 
based questions, Attempt any 4 sub-parts from each questiol™ 


Each question carries 1 mark, 


32. Parallel Sheet of Charge 
Surface charge density is defined as the charg* 
per unit surface area of surface charge 
distribution. 


Electric Charges and Fields 


dq. 

oa 
Two large, thin metal plates are parallel and 
close to each other. On their inner faces, the 
plates have surface charge densities of opposite 
signs having magnitude of 17.010 Cm~as 
shown below. 


>Get+ 
Or ittte 


The intensity of electric field at a pointis E = 
Eq 


where, Eq = permittivity of free space, 

(i) Ein the outer region of the first plate is 
(a)17 x10 N/C (b)1.5x107% N/C 
(c)1.9x107! N/C (d) zero 

(ii) Ein the outer region of the second plate is 

(a)17 x10" N/C (b)1.5x107" N/C 

(c)19x107" N/C (d) zero 

Ebetween the plates is _ 

{a)17x10- N/C (b)15x107% N/C 

(c)19x107"° N/C (d) zero 

(iv) The ratio of E from right side of B at 


distances 
2cm and 4 cm, respectively is 
(a)1:2 0 (b)2:1— (dd 1zv2 


(v) In order to estimate the electric field due to 
a thin finite plane metal plate, the gaussian 
surface considered is 
(a) spherical 
(c) straight line 


(b) cylindrical 
(d) None of these 


33. 


Electric Field due to Nuclear Charge 


The nuclear charge (Ze) is non-uniformly 
distributed within a nucleus of radius R. The 
charge density p(r) [charge per unit volume is 
dependent only on the radial distance r from 
the centre of the nucleus as shown in figure. 
The electric field is only along the radial 
direction. 


(a0) 
d 
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(i) The electric field atr =R is 
(a) independent of a 
(b) directly proportional to a 
(c) directly proportional to a? 
(d) inversely proportional toa 
(ii) Net charge on given system is 


()Q= fp, (tnr?)dr (6) Q= fp, (er? )dr 
©0=fo, ae (@.Q= fp, @nr*) 


(iii) For a = 0, the value d (maximum value of p as 
shown in the figure) is 


2 
@ 3Ze 0) 3Ze © 4Ze (@) Ze 
4nr® mR? 3nR? —3nR 
(iv) The correct graph representing the variation 
of E withr is 
iE & 
Eq el 
(a) (b) 
Ree : 
E is 
© @ 
R i a aa 


(v) The electric field within the nucleus is 
generally observed to be linearly dependent 
onr. This implies 


(a)a=0 
(a=R 


34. Faraday cage 


A Faraday cage or Faraday shield is an 
enclosure made of a conducting material. The 
fields within a conductor cancel out with any 
external fields, so the electric field within the 
enclosure is zero, These Faraday cages act as 
big hollow conductors. You can put things to 
shield them from electrical fields. Any electrical 
shocks the cage receives, pass harmlessly 
around the outside of the cage. 
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(i) Which of the foll 


lowing material can be used 
to make a Farad: : 


lay cage? 
(a) Plastic 7 Ff Glass 
(©) Copper (a) Wood 
(ii) Example of a real-world Faraday cage is 
(a) car (b) plastic box 
©) lightning rod (d) metal rod 


(iii) What is the electrical force inside a Faraday 
Cage, when it is struck by lightning? 
(a) The same as the lightning 
(b) Half that of the lightning 
(©) Zero 
(@) A quarter of the lightning 
(iv) An isolated point charge +q is placed inside 


the Faraday cage. Its surface must have 
charge equal to 


(@) zero +9 
©-q (a) + 2g 

(v) A point charge of 2C is placed at centre of 
Faraday cage in the shape of cube with 
surface of 9 cm edge. The number of electric 


field lines passing through the cube 
normally will be 


(a)19x10° N-m?/C, entering the surface 
(b)1.9x10° N-m7/C, leaving the surface 
(c) 2.0110" N-m?/C, leaving the surface 
(@) 2.01x10° N-m?/C, entering the surface 


VERY SHORT ANSWER Type Questions 


35. 
36. 


37. 


38. 


39. 


40. 


Electric charge is additive in nature. Explain. 


Give one difference between the conductors 
and insulators. 


“Electrostatic forces are much stronger than the 
gravitational forces”. Give one example to 
justify this statement. 


A point charge is placed at the centre of a 
hollow conducting sphere of internal radius r 
and outer radius 2r. The ratio of the surface 
charge density of the inner surface to that. of the 
outer surface will be 8, CBSE 2020 


The work done in moving a charge particle 
between two points in a uniform electric field, 
does not depend on the path followed by the 
particle. Why? CBSE 2020 


Draw the pattern of electric field lines, wheni a 
point charge — Qis kept near an uncharged 
conducting plate. CBSE 2019 


A. 


42. 


43. 


44, 


45. 
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due to an 


ctric field lines 
Draw the pattern of ele CBSE 2019 


electric dipole. 


Draw a pattern of electric field lines due to two 


tive charges placed a distance d apart. 


posi CBSE 2019 


Ametallic solid sphere is placed in a uniform 
electric field as shown below. 


@) (b) 
Which path is followed by electric field lines? 


Apoint charge +Q is placed in the vicinity of a 
conducting surface. Draw the electric field lines 
between the surface and the charge. 

All India 2017¢ 
The electric field induced in a dielectric when 
placed in an external field is 1/10 times the 


electric field. Calculate relative permittivity of 
the dielectric. 


SHORT ANSWER Type Questions 


46. 


a7: 


48, 


Two identical metallic spherical shells A and B 


having charges +4 Q and — 10Q arekept a 
certain distance apart. 


Athird identical uncharged sphere C is first 

placed in contact with sphere A and then with 
sphere B, then spheres Aand B are brought in 
contact and then separated, 
Find the charge on the spheres 4 and B. 


Deduce the expression for the electric field E 


due to a system of two charges q, and q, with 


Position vectors nr andr, ata point r with respect 
toacommon origin, 


go sttall identical dipoles 4B and CD, each of 
pole moment p are kept at 1 : r 
shown in the figure, iN apa al 


Electric Charges and Fields 


What is the resultant dipole moment of this 
combination? If this system is subjected to 
electric field (E) directed along positive 
x-direction, what will be the magnitude and 
direction of the torque acting on this? 


49. Derive the expression for the torque acting on 
an electric dipole, when it is held in a uniform 
electric field. Identify the orientation of the 

dipole in the electric field, in which it attains a 


stable equilibrium. CBSE 2020 


50. What is the use of Gaussian surface? Also; 
mention the importance of Gauss’ theorem, 


51. Apoint charge causes an electric flux of 
~3.1x10* N-m’/C to pass through a spherical 
Gaussian surface. 

(i) Find the value of the point charge. 
(ii) If the radius of the Gaussian surface is 


doubled, how much flux would pass through 
the surface? 


52. S, and S, are two parallel concentric spheres 


enclosing charges Q and2Q as shown in the 
figure. 


So 


(i) What is the ratio of the electric flux through 
S, and S,? 

(ii) How will the electric flux through the sphere 
S, change, if a medium of dielectric constant 
5, is introduced in the space inside S, in 
place of air? 


LONG ANSWER Type I Questions 


53. Aspherical conducting shell of inner radius R, 
and outer radius R, has a charge Q. A charge q is 
placed at the centre of the shell. 

(i) What is the surface charge density on the 
(a) inner surface? 
(b) outer surface of the shell? 


(ii) Write the expression for the electric field at 
a point X > R; from the centre of the shell. 


54. 


55. 


56. 


57 


A large plane sheet of charge having surface 
charge density 5x10°° C/m? lies in XY -plane. 
Find the electric flux through a circular area of 
radius 0.1 m, if the normal to the circular area 
makes an angle of 60° with Z-axis. 

(Take, ey = 8.8510" C?/N-m3] 


Consider a region bounded by conical surface 
as shown in the figure, 


E 
tttt 


In this'region, E is in vertical upward direction, 
then find the electric field when electric flux is 
passing through curved surface. 


Ahollow conducting sphere of inner radius r, 
and outer radius r, has a charge Q on its surface. 
A point charge ~ q is also placed at the centre of 
the sphere. 

(a) What is the surface charge density on the (i) 
inner and (ii) outer surface of the sphere? 

(b) Use Gauss’ law of electrostatics to obtain the 
expression for the electric field at a point 
lying outside the sphere. 

Or 

(a) An infinitely long thin straight wire has a 
uniform linear charge density A. Obtain the 
expression for the electric field (E) at a point 
lying at a distance x from the wire, using 
Gauss’ law. 

(b) Show graphically the variation of this 
electric field E as a function of distance x 
from the wire. 


Two large charged plane sheets of charge 
densities 6 and - 26 C/m? are arranged 


vertically with a separation of d between them. 
Deduce expressions for the electric field at 
points (i) to the left of the first sheet, (ii) to the 
right of the second sheet and (iii) between the 
two sheets. CBSE 2019 
Or 
‘Aspherical conducting shell of inner radius r, 
and outer radius r, has a charge Q. 
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(a) A charge q is placed at the centre of the shell. 
Find out the surface charge density on the inner 
and outer surfaces of the shell, 

(b) Is the electric field inside a cavity (with no 
charge) zero; independent of the fact whether 
the shell is spherical or not? Explain. 


S8. Total charge - Qis uniformly spread along length 


of a ring of radius R.A small test charge+ q of mass 

mis kept at the centre of the ring and is given a 

gentle push along the axis of the ring. 

(i) Show that the Particle executes a simple 
harmonic oscillation. 

(ii) Obtain its time Period. 


LONG ANSWER Type II Questions 


59, . (i) Derive the expression for the electric intensity 
e- at any point P, at distance r from the centre of 
an electric dipole, making angle a, with its axis, 
(ii) Two point charges + 4C and +1pC are 
separated by a distance of 2 m in air. Find the 
point on the line joining charges at which the 
net electric field of the system is zero. 
All India 2017C 


60. (a) Derive an expression for the electric field at any 
point on the equatorial line of an electric 
dipole. 

(b) Two identical point charges, q each are kept 2m 
apart in air. A third point charge Q of unknown 
magnitude and sign is placed on the line joining 
the charges such that the system remains in 


equilibrium. Find the position and nature of Q, 
61, (a) Define an ideal electric dipole. Give an example, 


(b) Derive an expression for the torque 
experienced by an electric dipole in a uniform 
electric field. What is net force acting on this 
dipole? 

(c) An electric dipole of length 2 cm is placed with 
its axis making an angle of 60° with respect to 
uniform electric field of 10°N/C, 

If it experiences a torque of 8V3 N-m, calculate 
the 
(i) magnitude of charge on the dipole and (it) its 
potential energy. 

ite Gauss’ law. Using this law, obtain the 

o eee bedlon for the electric field due to an 
infinitely long straight conductor of linear 
charge density A. 


62. 


1 
6. 
2am 
16. 
2L 


24, 


25 


26, 
27. 
28. 
29, 


80. 


31, 


82, 
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(ii) A wire AB of length Lhas linear charge 
density 2 = kx, where xis panes from 
the end A of the wire. This wire is 
enclosed by a Gaussian hollow surface, 
Find an expression for the electric flux 
through this surface. All India 2017¢ 
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( 2. (b) 3d A. (b) 5. (d 
(a) 7. (b) 8. (5) 9. (co) 10. (a) 
() | 12 | 18 @ | 14. | 15. 
(9 | 17 (@) | 18. ® | 19. @ | 20. 


(b) | 22. (c) | 23. (b) 


(2) Force by electric field will be perpendicular to 
the displacement, 

(©) Ifthe field lines are curved, then the charged 
Particle follows the straight line path along the 


direction of tangent drawn to electric field lines at 
its starting point. 


() 
(a) 
(a) 


(d) Ein outside vicinity of conductor's surface 
depends on all the charges present in the space, but 


s 


expression E = 


& 
(d) Due to displacement of charge within closed 
Surface Eat any point may change. But net flux 
Crossing the surface will not change 


(Er at any point on Gaussiay 
to outside charges also, 


(i) 6 There are two plates A and B having surface 
Sharge densities 4 = 17.0% 10° ¥ C/m? on A and 
Sn =~ 17.0% 19° 2 


m1 surface may be due 


Chin? on B, respectively. 


A 8 


E, By Es 
Ee 


Electric Charges and Fields 


According to Gauss’ theorem, if the plates have same 


surface charge density but having opposite signs, then 
the electric field in region I is zero. 


o o 
E,=E, +E, =-2-+(-S_| <9 
ue > es 


(ii) (@) The electric field in region II is also zero. 
Ey =E, +E, 


_ 170 x10” 
885 x 10°? 
E=192 x10 NCt 
(iv) (0) Since, electric field due to an infinite.-plane sheet 
of charge does not depend on the distance of 
observation point from the plane sheet of charge. So, 
for the given distances, the ratio of E will be 1:1. 
(v) (b) In order to estimate the electric field due to a thin 
finite plane metal plate, we take a cylindrical 
cross-sectional area A and length 2r as the gaussian 
surface. 


33. (i) (a) Electric field at r= R 
en) " 
d 


a 


e 


R 


¥Q -9 = Total charge within the nucleus = Ze 
R 
So, E= =o 


So, electric field is independent of a. 
(i) (@ Net charge, Q= [p,anr? dr 


(iii) (b) As, 


pln) 


fd 
Q=[<(R-r)anr'dr 
ak 
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sill Pdr= jr) 
R 0 oO 


(iv) (d) From the formula of uniformly (volume) charged 


* sphere E = 2° 
3€, 
=> E *.r, so correct graph is as shown, 


ie 


(v) (0) For £ & r,p should be constant throughout that of 
nucleus. This will be possible only when a= R. 


34. (i) (6), (ii) (@), (iil) (c), (iv) () 
(v) (o) According to Gauss law, electric flux, 
2 


& 86x10" 


= 201 x10" N-m?/C 


(leaving the surface) 
35. Refer to text on page 2. 


36. Conductors are those substances which can be used to 
carry or conduct electric charge/electron from one point 
to other. Insulators are those substances which cannot 
conduct electricity, 

37. This statement can be proved by taking comparison of 
electric and magnetic forces between two protons. 

Let the distance between two protons having charge +e 


and mass m is placed at a distance r from each other as 
shown in figure, 


o_o 
(em) (em) 
£——4 


[Coulomb's law] 


myn a m 
G 7 (gravitation law) = G ae 
r ¥ 


where, F, and F, are electric and gravitational force 
respectively, on putting the values, we get 
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= (9X10°)(1.6x10- 
= TX exi0 
(1.67 «107777 
= 1.210" =19°° 
= F>F, 
Hence, the electric force is much 
ce, ti stronger than 
Eravitational force. 
38. 4:1, for detail refer to sol 14 given on page’19 and 20. 
39. Itis because force acting on charge particle in an 
electric field is conservative which does not depend on 


Path. Hence, work done by electric force is independent 
of path followed by the particle. 


AL Refer to figure on pages 14 and 15. 
42. Refer to diagram on pages 14 and 15. 


43. Path 4 is followed by electric field lines. Since, there are 
no electric field lines within the metallic sphere and 
field lines are normal at each point on the surface. 


44. E 


ane 
(6.67 x107"') 


40. 


Uncharged conducting plate 


£, 
45. We know that, aKa 
e=te 
Here, at 
i 
ee B=7 10 
10° 


Hence, relative permittivity of the dielectric becomes 
10 times of the original value. 


46. When C is in contact with A, the — +40 -100 
charge developed on C is - 49. A 8 
When this is brought in contact 
with B, the charges are distributed 
and becomes (~ 10—4)-14Q on B Z 
and C each. a8 


- s 
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! nd Bare brought in contact again 

aan ee cediatibuted and become 
{-14 +4) =10Q on each. 

AT. Refer to text on page 13. 

48. Refer to Q. 18 on page 30. 

49. Refer to text on page 28. 

50. Refer to text on pages 36 and 37. 

51. Refer to Example 5 on page 39. 

52. Refer to Q. 31 on page 41. 

53. Refer to text on pages 38 and 39. 

54. According to Gauss’ law, the electric field due to a plane 
sheet of charge is 


pees 
2€y 
Given that, 6 =5%10™ C/m* 
5x10 «5 x10° 
me ~ 2x885x102 177 
2825 x10" V/m 
rs do =E-dA 
= EAcos® 


= 2825 x10" x314 x10 x cos 60° 
44. kVm = 4.44 x10 N-m"/C 


55. Use Gauss’ theorem, [ E-ds = 1 
&y 


56. (a) When a charge ~qis placed at the centre of the 


hollow conducting sphere, then charge induced on the 
inner surface is + q and on outer surface is ~q. But 
charge Q is already present on its outer surface. So, net 
charge on outer surface is(Q—q) as shown, 


s-Q-q 


Therefore, surface charge densi 


(i) inner surface is —4 


ann 


nr 


the sphere by Gauss’ law, the 


Gi) and on outer surface is 2—4 


(b) Ata point lying outside 
electric flux is given by, 


be =fE-dg = 
* fo 
‘where, q is the net charge enclosed, 


Electric Charges and Fields 


As E and aS are in same direction as shown. 


as ZF 


= Electric field, # =-2—% 
Angyr® 
Or 
(@) Refer to text on pages 37 and 38 (Replacing r by x). 
(0) Refer to text and graph given on page 38 
(Replacing r by x). 
57. (@) Electric field to the left of plate 1 (region 1) 


E,=E, +E, = 
iz 
ga 
1 a Mi 
E, E, E. 
2) £2, 2 


1 ROSH 32 
(i) Electric field to the right of plate 2 (region II) 
o. 2% 
ep 2 
(iii) Electric field between two plates (region Il) 


m= 


By obi 
2€) 2 
Or 

(a) Refer to Sol. 14 on pages 19 and 20. 

(b) Yes, the electric field inside a cavity is zero 
irrespective of shape because the cavily has zero net 
charge. 

58. Refer to Q. 14 on page 30. 


(i) Use relation, E = 


a 
Ane, (7? +a?) ne 
0 


F=qE 


—kz 


m 


(ii) Use relation, T = 2m. 


59. (i) Refer to text on page 27. 


(i) + 2m ——_—__—1 


—___,_—_——+ 
+4uC P +10 
a ee eel 


6l 


Let the net electric field be zero at point P at a distance 
x from charge +4ytC, then 


taxi 1x10 xt 
Ane, x” 

=> 

= 

= 

= 


GO. (a) Refer to text on page 26. 
(b) Let Pbe the point at which the system of charges is in 
equilibrium, then 
F(x) = F(2~ x) 


1. @ 

4ne€, (2-x)° 
A 

(2-x¥ 


=> x=(2-x) => x= 
Thus, the charge Q should be placed at the centre of 
line joining two given charges. Also the two given 
charges are identical, ie. having same nature, so the 
third charge could be of any nature (positive or 
negative). As the forces on it at the centre are equal 
and opposite. 
G1. (a) Refer to text on page 25. 
(b) Refer to text on page 28. 
(c) Given, length of electric dipole, 2! = 2em= 2x10 m 


0=60° 
10 NIC 
) = pE sind 
ote 
Find 
=> q=— 
Esind 
eee 
1 GEsind 


sv3 
2x10 x 108 xsin60® 
(ii) Potential energy = ~pE cos 0 = -(21x q) E cos 60° 


=8x107"C 


= -2x107 x8 x107 x10 xb 
2 


8 joule 
G2. (i) Refer to text on pages 36, 37 and 38, 


(i) Use dQ = A-al and Gauss’ theorem 9 = 2 
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The degree of electrification of a body is represented by the electrostatic porential of the 
charged body, The direction of flow of charge between two charged bodies placed in 
comact with cach other is determined by electrostatic potential. 


ELECTROSTATIC 
POTENTIAL AND 
CAPACITANCE 


TOP. IC 1| b é Yo IPT! CHECK 
Electrostatic Potential, Electrostatic ie Potenti 
Potential Difference and Electrostatic BlechostsbeRotental 
. Difference and Electrostatic 
Potential Energy Potential Energy’ 


* Dielectric and Capacitance 


© Electrostatic Potential, 


‘The electrostatic potential at any point in the region of clectric field is equal wo the 
amount of work done in bringing a unit positive test charge (without acceleration) 
from infinity to that point. 

Work done (WV) 


Electrostatic potential (V) = 
Charge (q) 


It isa scalar quantity, Its SI unit is volt (V) and 1V = 1 J/C and its dimensional 
formula is (ML?T*A], 


Note 

Electrostatic potential (V) at a point is said to be one voll, when ano joulo of work is done in 
Moving one coulomb of positive charge (without acceleration) from infinily to (hat point 
Work done (IW, J .4,) by an external force in bringing, (without acceleration) a 
unit positive charge froin infinity to a point is equal to the potential (V) at that 
point, 


Ww. 
ie. = {Weel 


-Wod 
= = Lo ee a 


Electrostatic Potential and Capacitance 


where; (We, lee #8 the work done by the electric field on a 
charged particle as that particle moves from infinity to a 
point. A porential (V) can be positive, negative or zero 
depending on the signs and magnitudes of g and W.,. 
Note. Electric potential is state dependent function as olectrostatic 


forces are conservative forces. No work is done in moving a unil 
postive test charge over a closed path in an clectric field 


EXAMPLE [1| Potential at a point P in space is given as 
3x10°V. Find the work done in bringing a charge of 
2x 10°C from infinity to the point P. Does the answer 
depend on the path along which the charge is brought? 
Sol. Given, 

Potential at the point P, 
V 


Work done in bringing the charge from infinity to the 
point Pis 
W., = qgV¥ =2*10 x3 x 10° 
=6%107' =0.6 J 


10° V, charge, qy = 210°C 


No, the work done will be path independent. 


ELECTROSTATIC POTENTIAL 
DIFFERENCE 


Electrostatic potential difference between two points P and 
Q of a charge configuration consisting of charges 
4-4 95 «4sand q is equal to the work done by an external 
force in moving a unit positive test charge against the 
electrostatic force from point Q co P along any path 
between these wo points. Figure shows that work done on 
a test charge qa by the electrostatic field due to any given 
charge configuration depends only on the position of initial 
point Q and position of final point P. Work done is 
independent of the path chosen in going from Q to P. 


OQ 


eq, 
Electrostatic potential difference between two points P and Q 


I Vg and V,, are the electrostatic potentials at Q and P 
‘spectively, then electrostatic potential difference between 
Points Qand P is 


jAV= 
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The dimensional formula for electrost: 
difference is given by 


W, ap 
pelle (MET rat ] 
q9 [AT] . 


The SI unic of electrostatic potential difference is volt. 
1V=1JC'=1N-mc! 


Thus, electrostatic potential difference beeween any two 
points in an electrostatic field is said co be one volt, when 
one joule of work is done by an external force in moving a 
positive charge of one coulomb from one point to the other 
against the electrostatic force of field without any 
acceleration. 


ic potential 


AV= 


Note One electron-volt (1 eV) is the energy equal to the work 

required to move a single elementary charge e such as an electron 

or the proton through a potential difference at exactly ane volt (1) 
leV=e (1V) = (1.60 x 10°C) (1d/C)= 1.60 x 10° 


EXAMPLE |2| The potential difference between two 
points is 20 V. How much work will be done in carrying a 
charge of 400 jC from one point to the another? 
Sol. Given, AV = 20V and q =400"C = 400x10 °C 
We know that, 


Y 
Electrostatic potential difference = “ork done 


Charge 
s pee 
q 
=> 952 
400x10° 


W = 20x400x10"° = 8x10] 


EXAMPLE |3|If 100 J of work must be done to move an 
electric charge of magnitude 4C from a place A, where 
potential is -10 V to another place B where potential is 
V volt. Find the value of V. 


Sol. Given, Way =100 J, q=4C. Vy =-10V, Vy = =? 
Since, Wan = q(Vn- V4) 
> 100=4(V +10) =» V=ISV 


ELECTROSTATIC POTENTIAL 
DUE TO A POINT CHARGE 


Let P be the point ata distance r from the origin O.at which 
the electric potential due to charge + q is required. 
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point on this path where OA = x, The electrostatic force on 
unit positive charge at A is given by 


lL qx 
peal 9k! i 
Gee 2 [along OA] ...(i) 


Small work done in moving the charge through a distance 
de from A to Bis given by 


dW =F-dx 
= Fade cos 180°=—Fde [+ cos 180°= —1] 
=> dW =- Fade +i) 


Total work done in moving a unit positive charge from % to 
the point P is given by 


wef" -Fa 
ay ae 1 
d= 46mg x 


i) 


= WOE eee 


From the definition of electric potential, this work is equal 
to the potential at point P. 


safiv) 


A positively charged particle produces a positive electric 
tential. A negatively charged particle produces a negative 
i tric potential. Here, we assume that electrostatic 
ject 5 s 
peenual & zero at infinity. Eq.(iv) shows thac at equal 
Tiaranice® from a point charge , value of Vis same. 
Hence, electrostatic potential due to a single charge is 
eure er i 
herically symmerric. Figure given below shows the 
sp! wipe 
ariation of electrostatic potential with distance, ie, Vo: = 
vi 
and also the variati 


1 
Bay. 


‘on of electrostatic field with distance, i. 
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Potential (v} 
iS 
a 


Electric field (E) 


OSs To1s 20 25 30 35 40 45 50 
Distance (1) —— 
Variation of electrostatic potential V and electric field E with distance 


u 1 1a 
Duetoasingle charge, F s¢—p, Foy bute ,where 
ris the distance from the charge. 


EXAMPLE |4| What is the electrostatic potential at the 
surface of a silver nucleus of diameter 12.4 fermi? Atomic 
number (Z) for silver is 47. 


Sol. Given, r= ua = 6.2 fermi = 6.2% 10" m and Z = 47 


~- Charge of the nucleus, g = Ze = 47 x1.6x107 C 

[ve =1.6x10"C] 
~. Electrostatic potential at the surface, 
_G _ 9x10" x47 x1. 
4neyr 


VS = 1.09x10"V 


EXAMPLE [5] A point charge Q is placed at point 0 as 
shown in the figure. Is the potential difference (V4, -Vs) 
Positive, negative or zero, if Qis 


(i) positive? (ii) ‘negative? 


8 
~ All India 2011 


Sol. Let the distance of points A and B from charge Q be r, 
and ra, respectively, 


“+ Potential difference between points A and B, 


Vynvye 2 fd 
Ane [ry 

As, OA, ty = OB and my <r 
> Jas d 

A Ny 

a; West 

Therefore, [: ~ | has positive value. 

Ta tp . 
(Va ~ Vy) depends on the nature of charge Q, 
0) (Va ~ Vy)is Positive when Q>0, then 
()(Vq ~ V5) is negative when Q< 0, 


Electrostatic Potential and Capacitance 


ELECTROSTATIC POTENTIAL 
DUE TO A SYSTEM OF CHARGES 


Let there be a number of point charges 915 42+ 93s Jy, at 
distances 7.73.7; x, respectively from the point ?, 
where electric potential is to be calculated. 


Potential at P due to charge 9), 


1s i 


Y —— 
Ane 9 Np 


A system of charges 


alla mt 


Similarly, ae 
° 


ANE, Nap 


Using superposition principle, we obtain resultant potential 
at point P due to total charge configuration as the algebraic 
sum of the potentials due to individual charges. 


as V=V,4+V,4 V3 +---4V, 
yoo gy 1m, 1 wy 
4ME, rp ATE Mp ATE Mp 
Ly 
4NEg Mp 
vel (oy 2 oust) 
4ney\ nip tp Sp uP 
1 


4m€y i= rip | 


The net electrostatic potential at a point due to multiple 
charges is equal to the algebraic sum of the porentials duc to 
individual charges at thar particular point. 


Mathematically, it is expressed as 


Ver = Yi 


Important Results | 
Uh stots fate position vectors ofthe charges qh dgsQgram Gy | 
respeciively, then electrostatic potential at point P whose 
position vector is f,, would be } 

12 } 
| 
| 
| 


Ant, 


| 

| 

| 

| 

} I'we have to calculate electric potential due to 2 continuous 
charge distribution characterised by volume charge density 
p(r), we divide the entire volume into a large number of small 
volume elements each of volume AV. 

| 

| 

| 


Charge on each element = pAV. ==] 

. wl | 

For a uniformly charged conducting spherical shell, the | 
electric field outside the shell is as, if the entire charge is 

concentrated at the centre. Thus, the potential outside the | 

shell is given by | 

yal freA) | 

ane, 7 

where, q is the total charge on the shell and & is its radius. The 

electric field inside the shell is zero. This implies that potential is 

constant inside the shell (as no work is done in maving a charge 

inside the shell) and therefore equal to its value at the surface. 

which is 


EXAMPLE |6| Two point charges of 4 uC and —2 uC are 
separated by a distance of 1 min air. Find the location ofa 
point on the line joining the two charges, where the 
electric potential is zero. 
Sol. Let the electrostatic potential be zero at point P between 
the two charges separated by a distance xmetre. 


anc -2nc 


=> 


= 


. Electrostatic potential is zero at a distance 2/3 m from 
charge 4}1C between the two charges. 
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EXAMPLE |7| A charge Q is distributed over two 
Concentric hollow spheres of radii r and R (>r) such that 
the surface densities are equal. Find the potential at the 
common centre, 


Sol Let q,andq, be the charges on them, 


ie ¢ on them is distributed in above ratio 
2 


r 
aR 
+. Potential at centre 

V= Potential due to g, + Potential due to qe 
% v= 1 Q(R+r) 


ty 1 ge O(R+) 
Amey r Amey Ro Ane,(r? +R?) 


or g= 


# 
Q and a= a2 


EXAMI 0 spherical metal shells with different 
tadii r ee far apart and connected by a thin 
conducting wire. A charge Qis placed on one of them. The 
charge redistributes so that same is on each sphere. How 
much charge is on the sphere with radius r? 


Sok The electrical potential of a spherical shell with charge q 
and radius ris kq/r, where k =1/(4ne,). 
Since, the shells are joined by a conductor the charge will 
distribute between them so that they attain the same 
electrical potential. . 
Let the charge on the sphere with radius rbe q, and that 
on the another sphere qg. Then, equating the potentials 
gives q, /r=qy/R. 


=> 9 = 9x (cIR) sai) 
*: The total charge equals the original charge, 
Hake Q=a +4" > R= Q~g, 


'Q — 9, Kr/R) 


“Now, by geometry, 
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(it rIR)= O¢0/8) 


Solving for q, gives q = OKR+r) 


> 
which is the required charge. ae 
Note The value of k is not needed, stating propor! 
jote 
sufficient. 


ATIC POTENTIAL 
DUE TRAN ELECTRIC DIPOLE 
Let us consider an electric dipole consisting of charges +4 
and —q separated by a distance 2a. 
The dipole moment |p| = 4 X24. 


Electric potential at point P due to electric dipole 


Let O be the centre of the dipole, P be any point near the 
electric dipole inclined at an angle @ as shown in the figure. 


Let P be the point at which electric potential is required. 
Potential at P due to ~g charge, V; = 


ANE gr, 


Potential at P due to + q charge, V, =—4 
“ 4ne ory 
AS, potential is related to work 


electrostatic potential also follows 
Principle. Therefore, Potential 


done by the field, 
the superposition 
at P due to the dipole, 


Vp=Vi av, [2-4] 


ney |r, 7 @) 


+474 2ar cos Q 
Simila 2 

ant =r ta dap cos (180° — 9) 
Orr Sree 2ar cos@ 


[0s (180°@) = — cos6] 


Electrostatic Potential and Capacitance 


a 
Ifr>> 4, — is small. 
r 


can be neglected. 
(+ 2 eos 0) 
r 
in 
n= fu ** cosa} 
r 


Therefore, 


or 


Similarly, 


Putting these values in Eq. (i), we obtain 


1 1 

1h, 23 > 73 

vp=—4 (1-2 oso} *1 (147 cos0) 
4n€, |r r r r 


Using Binomial theorem, [(1+ x)" =1+nx,x<< 1] and 


a2 . 
retaining terms upto the first order in —, we set 
r 


Vp=—t [(u-t8)-(1 -Scox0)| 
ATE gr r r 


=—! [)+£cos0- 1+ 4.050] 
4M€ or r r 


r 
ae! ==") 
4T€ yr r 


_gX2acos® 
4m gr? 
| 
0 
As, pcosB=p.t 


where, # is a unit vector along the position vector OP = r. 
++ Electrostatic potential at point P due to a short dipole 

[ ? | 

fg Bik 


(ac<r) is given by 5 
Ane yr? | 


The potential depends just not only on the position vector 
1, but also on the angle between the position vector rand the 
dipole moment P. The electric potential due to an electric 
dipole at point P varies inversely with square of r, ie, the 
distance of point P from the centre of the dipole. 
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Electrostatic Potential due to 
Dipole on its Axis and Equatorial Plane 


0=Yorn 


WA 


On the dipole axis, 


Positive sign for 8 = 0° and negative sign for@ 


In the equatorial plane, 0 = 
cos = cos= = 0 
2 


v=0 


-q. at Axis 
= 2-1 9 


Thus, electrostatic potential at any point in the equatorial plane 
of dipole is zero. 

Differences between electric potential due to an electric dipole 
and due to a single charge are given as below: 

(i) The potential due to a dipole depends not just on r but 
also on the angle between the position vector r and dipole 
moment vector p 

(ii) The electric potential due to dipole falls off at large 
dislance as I/r? not as 1/r, which is a characteristic of 
the potential due to single charge. 


EXAMPLE |9| An electric dipole consists of two charges 
of equal magnitude and opposite signs separated by a 
distance 2a as shown in figure. The dipole is along the 
X-axis and is centred at the origin. 


(i) Calculate the electric potential at point P. 
(ii) Calculate V at a point far from the dipole, 
Sol. (i) For the point P in figure, 


&,£U=k, (tL -_1_|- 
en ‘lx-a xta 
(ii) If point Pis far from the dipole, such that x >> a, then 


a? can be neglected in the terms, x°—a? and V 
becomes 


v 


xt aa? 


[ex >> a] 


68 


EQUIPOTENTIAL SURFACES 


Any surfa i 

aa Yr . a has same electrostatic Potential at every point, 
4N equipotential surface, For a single charge q, the 

Potential is given by = 


constant, F : 
single poi the equipotential surface for 
Fpint charge are spherical surfaces centred at the 

argc. The Sqipotential surfaces can be drawn through, any 


The shape of equipotential surface due to a 
(@) line charge is cylindrical (ii) point charge is spherical. 
Different properties of equipotential surfaces are given as below: 

(i) Equipotential surfaces do not intersect each other as it 
gives two directions of electric field at intersecting point 
which is not possible. 

Gi) Equipotential surfaces are closely spaced in the region of 
strong electric field and widely spaced in the region of 
weak electric field. 

(iii) For any charge configuration, equipotential surface 
through a point is normal to the electric field at that point 
and directed from one equipotential surface at higher 
potential to the other equipotential surface at lower 
potential. 

(iv) No work is required to move a test charge on an 
equipotential surface. 

(v) For a uniform electric field £, ler along X-axis, the 


equipotential surfaces are normal to the X-axis, ic. planes 
parallel to the ¥Z-plane. 


Equipotential Surfaces in Different Cases 
Case 1 The equipotential surfaces produced by a point 
charge or a spherically symmetrical charge 
discribution is a family of concentric spheres as 
shown below in the figure. 


__, Equipotential 


CA: surfaces 


Equipotential surfaces for a point charge 
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Case II ‘The equipotential surfaces for a uniform 
cleetric field are as shown below in figure 


by dotted fines. 
Equipotential surfaces 


Equipotential surfaces for a uniform electric field 


Case 11 The equipotential surfaces due to two 
identical positive charges are as shown 
below 


Equipotential surfaces due to two positive charges 


Case 1V The equipotential surfaces for an electric 
dipole are as shown below in the figure 
by dotted lines. : 


Equiootential 
Surfaces : 


Equipotential surfaces due to an electric dipole 


Electric field is always Perpendicular to an 
¢quipotential surface and as a result, work done in 
moving a charge between wo Points on an 
equiporential surface is zero. 


Note This topic ha 


sb 
oars 2014, 2013, 2011, 2019, UEMY asked in previous 


EXAMPLE |10] Two charges 2u1¢ e 
Placed at Points netics ere 


Aand B,5 cm apa i 
ce I Z rt. Depict an 
sup otental surface of the system. Dein 2013 
‘ol. Equipotential eans the surface where 
at each point, 


oF two equal and opposite 


a surface m 
Potential remains same 
Here, this is the 
charges, 


2uc 
* ~2h0 
ere mae 
B 


arden 


system 


Electrostatic Potential and Capacitance 


The potential at C (inid-point of AB), 


ye (Hye 
“ame \ 
1_| 2x107% | (-2x107°) 
= Poa aa =0 
ane, | 25x10 25x10 


Thus, potential is zero at each point on the line which 
passes through the mid-point of AB and perpendicular 
to it. So, a plane passing through the mid-point C of AB | 
is an equipotential surface. 


t) 
' 
i 
25em_ ty 250m 
A c 8 


Relation between Electric Field and 
Electric Potential 

Let us consider a positive test charge (qy) moves a distance 
(ds) ftom one equipotential surface to another.The 
displacement (ds) makes an angle (8) with the direction of 
the electric field (E). 

Suppose a positive test charge (gg) moves through a 
differential displacement ds from one equipotential surface 
to the adjacent surface. 

Weknow that the work done by the electric field on the test 
charge during its movement is —q) dV. We see that the 
work done by the electric field may also be written as the 
scalar product (qgE-ds) or qo cos 0 ab. 


Two equipotential surfaces 


Displacement of charge between 
two equipotential surfaces 


Equating these two expressions for the work yields 
—GodV =qoE cosO ds’ 


a Fcoso=— 


Since, E cos@ is the component of E in the direction of ds, « 


therefore 
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where £,,£, and £, are the x, y and z-components of E 
at any point, then 


E=E,i+E,j+ Ek 


For the simple situation in which the electric field E is 


uniform. 
p28 
As 


Negative sign shows that the direction of electric field E in 
the direction of decreasing potential. 
Since, AV is negative, then AV =—|AV| 
We can rewrite this equation as given below 
AV 

jej=— 4 = [AV] 
As As | 
Further, the magnitude of an electric field is given by 
change in magnitude of potential per unit displacement 
normal-to the equipotential surface at the point. This is 
called potential gradient, i.e. 


lévI : fia 3 
ae (Potential gradient) | 


|El|=- 


We thus arrive at ewo important conclusions concerning 
the relation between electric field and potential which are as 
given below 
(i) Electric field is in the direction in which the potential 
decreases steepest. 
(ii) Its magnitude is given by the change in the 
magnitude of potential per unit displacement normal 
to the equiporential surface ar the point. 


EXAMPLE |11| A small particle carrying a_ negative 
charge of 1,6 x 10°'°Cis suspended in equilibrium between 
the horizontal metal plates 5 cm apart, having a potential 
difference of 3000 V across them. Find the mass of the 
particle, 
Sol. Here, q=-16x107" C, 
dr=5 cm= 5x10 m 
and dV =3000V 
av _ -3000 


= =6x10" Vm™ 
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As, the charged particle remains suspended in 
equilibrium, therefore 


F =mg=9E 
mode (-1.6x107")x(= 610") 
& 98 
=98X10 kg 


EXAMPLE |12] The electric potential in a region is 
represented as 

V=2x+3y-2. 
Obtain expression for electric field strength. 


Sol As, Pala, 
az 


Here, 2 (ax +3y—2)=2 
ax 

=3 

and BV 8 ae yay—s)2-4 
jz Oz 


<- Electric field, E=-2i-3] +k 


EXAMPLE |13| In uniform electric field, E = 10 NC“ as 
shown in figure. 


ie E 
2m 2m 
2m c 
Find 
@%-V, Gi) Va - Ve 


Sol. Since, electric field is directed from higher electric 
potential to lower electric potential, 
(i) Thus, Vp >V,, 50 V4 — Vp will be negative. 
Further, dag = 2 cos 60° =1m 
2 Vy — Vy Edgy =(-10)(1)=-10V 
(ii) As, Vp>Ve, 80 Vp — Ve will be positive. 
Further, dpe = 2.0m 
‘ Vy — Vo = (10) (2)= 20V 


ELECTROSTATIC POTENTIAL 
ENERGY OF A SYSTEM 
OF CHARGES 


Electrostatic potential energy of a system of point charges is 
defined as the total amount of work done in bringing the 
different charges to their respective positions from infinitely 
Jarge mutual separations. 
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Electrostatic Potential Energy 
of a System of Two Point Charges 


Consider two point charges, and q, lying at points A any 
B whose locations are r, and 2, respectively. To find the 
electric potential energy of these two charges system, yy. 
must mencally build the system starting with both charge, 
infinitely far away and at rest. First, the charge q, is brouph, 
from infinity to the point 7. There is no external fielg 
against which work needs to be done, so work done jn 
bringing q, from infinity to r, is zero. Vis potential that ha, 
been set up by g, at the point B, where g, is to be placed. 


Zz 
1 


ANEg rap 
where, ry is the distance between points A and B. 


By definition, work done in carrying charge q3 from = to B 
is 


W = Porential x Charge = ——-2.-g, 
TLE oy Tap 
— 1 a 
4mey rag 


This work is stored in the system of nwo point charges 4, 
and q, in the form of electrostatic potential energy Uof the 
system, 


Thus, |U 


Electrostatic potential energy is a scalar quantity, In the 
above formula, the values of g, and q) must be with propet 
signs. If g),q2>0, then potential energy is positive. It 
means that two charges are of same sign, i.e. they repel each 
other. Then, in bringing closer, work is done against the 
force of repulsion, so that the electrostatic potential energy 
of the system increases, 

Conversely, in separating them, work is obtained from the 
system, so the potential energy of the system decreases. 
If g, > 0,43 <0, potential energy is negative. Ir means that 
two charges are of opposite sign, ie. they attract each other. 19 
this case, potential energy of the system decreases in bringin 
them closer and increases in separating them further. 


Electrostatic Potential and Capacitance 


EXAMPLE |14| In a hydrogen atom, the electron and 
proton are bound at a distance of about 0.53 A. 

(i) Estimate the potential energy of the system in eV, 
taking the zero of the potential energy at infinite 
separation of the electron from proton. 

(ii) What is the minimum work required to free the 
electron, given that its kinetic energy in the orbit is 
half the magnitude of potential energy obtained in (i)? 

(iii) What are the answers to (i) and (ii) above, if the zero of 


Sol. Charge on electron, g, =-1.6x 10°" C and charge on 
proton, q, = 1.6x 10° °C 


~+— r= 0.53A——+ 


16x10 16x10 %C 
—___,____. 
e p 


(i) Potential energy of the system 
= Potential energy at infinity 
~ Potential energy at a distance of 0.53 A 


2q~—. fe 

ame, or 

9x10" x (-1.6)x 10°" x 16x 107” 

0,53x 10°" . 
=-43.47x 10° J [e1eV= 16x 10°? J] 
19 

eo BARI + a7t6 eV 

16x 10°” 


1 P, 
(i) The kinetic energy =~ x Potential energy 


Se 3% (-27.16) =13.58 eV 


Total energy = KE+ PE=13.58 - 27.16 = -13.58 eV 
Thus, the minimum work done required to free the 
electron is 13.58 eV. 

(iii) Potential energy at separation of 1.06 A 

at Mefe 

Amey 1.06% 10° 


19 


= 921.73 x10" J 
1.73 x10" 
16x10” 
Thus, the potential energy of the system at 1.06 A 

= PE at distance 1.06 A ~ PE at distance 0.53 A 

=~ 13.58 - (- 27,16) = 13.58 eV 
Thus, on shifting the zero of potential energy, work 


required to free electron remains same and it is equal 
to 13.58 eV. 


=- 13.58 eV 
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Electrostatic Potential Energy of a 
System of Three Point Charges 
Let us now consider a system of three point charges 4, +92 
and q3 having position vectors r,,r, and r,, respectively as 
from origin. 

ta 


2 
cr) 


nm ne 
a 


Three point charges system 


To bring g, first from infinity to position r,,-no work is 
required because we bring charge q, from infinity to 2 
particular location where potential is zero. 

Therefore, W, =0 

‘The work done in bringing 4, from infinity to position r, is 
given by Wy =43V, (7) 


1 442 


AME) ny 


Charges q, and q, produce a potential which at any point P 
is given by 


Y= 1) +2 
 4meo (hg hs 
Work done in bringing g, from infinity to position r; is q; 
times V2 atr;, 


Ws =43Vi,25) 


a! [1% , 2% 
4negl ny ty 


The total work done in assembling the charges at the 
given locations (equal to the potential energy of the 
system) is obtained by adding the work done in different 
steps, 


U HWW +%y 


This result can also be expressed in summation form as 


3 3 
yeltip 3 ie 
AMEg it iet nj 
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Due to the conservative nature of electrostatic force, the 
value of U is independent of the manner in which the 
configuration is assembled. 

Ifwe write the distance |r, ~ r, as ry, the above equation 
may be expressed as for system of » point chatges system, 


Electrostatic potential energy ofa system of NV point charges 
is equal to the total amount of work done in assembling all 
the charges at the given positions from infinity. 


v=] fav 
” re 4 Di jfar fi j 
fa 
where, Vj = % 14 
7 j=14784 "% 
Fai 


= Potential at rj due to all other charges 


The SI unit of electrostatic potential energy is joule (J). 
Another convenient unit of energy is electron volt (eV). 


LeV=1.6%10-"Cx1V =1.6x 10" J 


EXAMPLE |15| Three charges (all g = 10C) are placed 
at the edge of an equilateral triangle of side 2 m. Find the 
net potential energy of the system. 

Sol. Given, charge, q =10C (g, = q, = 4) 


Each side of equilateral triangle, r = 2m 
Potential energy (PE) =? 
Potential energy between two charges is given by 


pe =k%92 
r 


(r= distance between q, and q,] 


<. PE of system will be three times the potential energy 
between the two charges as the equal charge is placed at 
the vertices of equilateral triangle, 
2 ° 
So, PE,,, = 299 _ 3kq? _ Sxsx0" «toro 
r r 


=135 x10" J 


EXAMPLE |16| Three Point charges q, 2g and 8¢ are to 
be placed on a9 cm long straight line. Find the Positions 
where the charges should be Placed such that the 
potential energy of this system is minimum. In this 
situation, what is the electric field at the position of the 
charge g due to the other two charges ? 
Sol. Consider the given situation as shown in figure, 
2q q 8q 
— 19-5 S 
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For potential energy to be minimum the bigger charges 
should be farthest. Let x be the distance of q from 29, 
Then potential energy of the system shown in figure 


would be 
24 )(8i 
u = x} 20a) , (Baa) , (24N(84) 
x (9-x) 9 
Here, K=—_ 
4ne, 
For Uto be minimum 2 + should be minimum, 
x 9x 
#1248 |g 
dx|x 9-x 
8 
= 
=> 
9-x 
or x=3em 


ie, distance of charge q from 2q should be 3 cm, 
Electric field at g, 
_ _K(2q) 


EXAMPLE [17] If one of the two electrons of H, 
molecule is removed, we get a hydrogen molecular ion HR. 
In the ground state of an Hz, the two protons are 
separated by roughly 1.5 A and the electron is Toughly 1A 
from each proton. Determine the potential energy of the 
system. Specify your choice of the zero of potential 
energy. NCERT 
Sol. Let there are two Protons p, and p, with an electron e 


15A Pz 

Distance between two protons is given by 
h=15A=15x10 m 

Distance between proton P, and electron e is given by 
m=lA =1x10" m 

Distance between proton P, and electron e is given by 
m= 1A= 1x10 m 

The total potential energy of the system, 

1 [Goidos , Mie , drat 

ame, oi i % 


Us wi) 


Given, 9,,= 9), =1.6x10-%C 


and q, =-16x10-"C 
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Putting these values in Eq. (i), we get 


y 29x 10°| ES 10" x 16x 107” 
15x 10°" 


4 (16x 107!) (1.6% 107) 


19” 
4 Ox 107" x (16x a] 
Te Ge ta 
9X10" 1.61.6 107 [1 
Se i aioe aan 
=-30.72x 10°" J 
30.72 x10"? 
= eV =-19.2 eV 
1.610 


Here, we use that potential energy at infinity is zero. 


POTENTIAL ENERGY IN AN 
EXTERNAL FIELD 

A single charge or a system of charges possess electrostatic 
porential energy in the presence of an external electric field, 
these are discussed as follows. 

Potential Energy of a Single 

Charge in External Field 


Porential energy of a single charge g at a point with position 
vector Fin an external field =q-V(r), where V(r) is the 


potential at the point due to external electric field E. 


Potential Energy of a System of Two 
Charges in an External Field 


For a system of two charges q, and qo, the potential energy 
is given as, 


q 


U=q,-V(n)+9 (r,)+ 


ANE ghz 
where, g,,q3 = two point charges at position 
vectors rand r5, respectively 
V(r,) = potential at r, due to the external field 


and V(r.) = potential at r due to the external field. 


Potential Energy of a 
Dipole in an External Field 


Consider a dipole with charges +g and —q placed in a 
uniform external electric field as shown in the figure. In a 
uniform clectric field, the dipole experiences no force, but 
experiences a torque T given by T= p X E.This torque will 
tend to rotate the dipole. Suppose an external torque T,,, is 


&&% Particular Cases 
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applied to the dipole so that it rotates from angle 8, to @, 
with respect to the electric field (E). 


Dipole in a uniform external field 


The amount of work done by the external torque is given by 
02 haere 
w =|, To, 0.d0 = J, pEsin0 0 
= pEt—cos6]®? 
= pE[-cos]y? 


= pE (cos®, —cos8,) 
The work'done W is stored as the potential energy of the 


system. Therefore, the potential energy of the dipole placed 
in external field E is given by 


U@) 


pE (cos 


(i) When the dipole is initially aligned along the electric field, 
i.e. 8, = 0° and we have to set it at angle @ with E, i.e. 


pE(cosé - cas0”) 
pE(cos@~ 1) 


This work done is stored in the dipole in the form of 
potential energy 


(ii) When the dipole is initially at right angle to E, Le. 8, = 90° 
and we have to set it at angle @with E, ie. 8, = 0 


W = —pE(cosd—c0s90°) 
= -pEcosd 
<. Potential energy of dipole, U = W = ~pEcos® 
pe 
Obviously, potential energy of an electric dipole is a scalar 
quantity. Itis measured in joule. 


Important Results 
Some important results related to electric dipole are as given 
below 
(i) Electric potential at any point on the bisector of dipole is 
zero, 
(ji) A dipole experiences a net force In a non-uniform electric 
field. 
(iii) A dipole experiences maximum torque at the position 
where potential energy is Zero, 
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EXAMPLE 118] An electric dipole of length 4 em, when 
Placed with its axis making an angle of 60° with a uniform 
electric field, experiences a torque of 4/3 N-m. Calculate 
the potential energy of the dipole, if it has charge + 8 nC, 
Delhi 2014 
Sol Given, length, 2a =4em =4x 10 m 
Angle, @= 60° 
torque t= 4V3 N-m 
Charge, Q = 8x10°°C 
We know that, t= OQ (2a) E sin 
= Electric field, E =—_* __ 
Q(2a) sind 
2 = ADR ———_ N/C 
8x10°°x 4 x10°* x sin60? 
++ Potential energy, U =~ pE cos @ 
~Q(2a) E cos 8 
-8X10" x4x107 x 


4V3 = cos 60° | 


* 4x 107 x sin 60° 


EXAMPLE |19] a point charge q is fixed at origin. A 
dipole with a dipole moment p is placed along the X-axis 
far away from the origin with p pointing along posi 
X-axis. Find 
(i) the kinetic energy of the dipole when it reaches a 
distance d from the origin. 
(ii) the force experienced by the charge q at this moment. 
Delhi 2003 
Sol. (i) Applying energy conservation principle, increase in 
kinetic energy of the dipole = decrease in electrostatic 
potential energy of the dipole. 
2. Kinetic energy of dipole at distance d from origin 
=U, -U, =0-(-p-E)= p:E 


=) (a w 
=i (4 ane od? 
(ii) Electric field at origin due to the dipole, 
pat 2Pj [Ey TT Pl 
4ne, d* 
Force on charge 9, 
Fegk =—f1,j 


2nd? 
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| TOPIC PRACTICE 1 | 


OBJECTIVE Type Questions 


1. Which of the following is not a unit of 
electrostatic potential? 
(a) Volt 
(b) Joule/coulomb 
(c) Newton /Coulomb 
(d) Newton - metre / Coulomb 


2. Work done by an external force in bringing a 

unit positive charge from infinity to a point is 

(a) equal to the electrostatic potential (V) at that 
point 

(b) equal to the negative of work done by 
electrostatic forces 

(©) Both (a) and (b) 

(@) Neither (a) nor (b) 


3. To find the value of potential at a point, the 
external force at every point of the path is to be 
equal and opposite to the 
(a) work done 
(b) electrostatic force on the test charge at that point 
(c) Both (a) and (b) 

() Neither (a) nor (b) 


If electrostatic potential at the surface of a 
sphere of 5 cm radius is 50 V, then the potential 
at the centre of sphere will be 

(a) 10 V (b) 50 V 

(©) 250V (d) zero 


bn 


5. ‘The electrostatic potential of a uniformly 
charged thin spherical shell of charge Q and 
radius R at a distance r from the centre is 


(2) —2- for points outside and for points 
ame yr 4ne,R 
inside the shell 


(b) for both points inside and outside the shell 


ame gr 


for points inside the 


(c) zero for points outside and —2. 
4neyr 


shell 
(d) zero for both points inside and outside the shell 


Electrostatic Potential and Capacitance 


6. 


Apositively charged particle is released from. 

rest in an uniform electric field. The electric 

potential energy of the charge NCERT Exemplar 

(a) remains a constant because the electric field is 
uniform 

(b) increases because the charge moves along the 
electric field 


(0) decreases because the charge moves along the 
electric field 


-(d) decreases because the charge moves opposite to 


the electric field 


Figure shows some equipotential lines 

distributed in space. A charged object is moved 

from point A to point B, NCERT Exemplar 

(a) The work done in Fig. (i) is the greatest 

(b) The work done in Fig, (ii) is least 

(c) The work done is the same in Fig. (i), Fig.(ii) and 
Fig. (iii) 

(a) The work done in Fig, (iii) is greater than Fig. (ii) 
but equal to that in 


i 
20V 40V sv 
Fig. (ii) 


rovedvanveovsov tov" 30v' Sov 10 
Fig. @) Fig. (ii) 
Equipotentials at a great distance from a 
collection of charges whose total sum is not 
zero are approximately 

(a) spheres (b) planes 

(c) paraboloids (d) ellipsoids 


‘Two similar positive point charges cach of 1c 
have been kept in air at Im distance from each 
other, What will be the potential energy? 

(a)1J (b) 1eV 

(c)9x107* J (d) 0 


VERY SHORT ANSWER Type Questions 


10. 


it. 


A point charge + Q is placed at point Oas shown 


in the figure. Is the potential difference (V4 Vo) 
positive, negative or zero? 
Delhi 2016, Forelgn 2016, Delhi 2011 


+0 e---- 
) 


Is electrostatic potential necessarily zero at a 
point, where electric field strength is zero? 
Illustrate your answer. Delhi 2010 


12. 


13. 


15. 


16. 
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The potential due to a dipole at any point on its 
axial line is zero, Correct or Wrong? 
All India 2009C 


Acharge q is moved from a point A above a 
dipole of dipole moment p to a point B below 
the dipole in equatorial plane without 
acceleration. Find the work done in this 
process. All India 2016 


Why are electric field lines perpendicular at 2 
point on an equipotential surface of a 
conductor? All India 2016, 2015C 


Define the term potential energy for charge g at 
adistancerinanexternal field. All India 2009 


For a uniform electric field given as shown 
below, at what point will the electric potential 
be maximum? 


As °B 


“c 


SHORT ANSWER Type Questions 


17. 


18. 


19. 


20. 


24. 


Draw a plot showing the variation of 
(i) electric field (E) and (ii) electric potential (V) 
with distance rdue to a point charge Q. 


‘What is the geometrical shape of equipotential 
surface due to a single isolated charge? Delhi 2013 


Can two equipotential surface intersect each 
other? Justify your answer. Delhi 2011 


Give the equipotential surface at a great 
distance from a collection of charges whose 
total sum is not zero. 


‘Wo point charges 31C and -3,C are placed at 
points Aand B,5 cm apart. 
(i) Draw the equipotential surfaces of the 
system, 
(ii) Why do equipotential surfaces get close to 
each other near the point charge? 
All India 2011 
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22, 


‘Two uniformly large parallel thin plates having 
charge densities + 6 and —o are kept in the 
NZ-plane ata distance d apart. Sketch an 
equipotential surface duc to electric field 
between the plates. If a particle of mass mand 
charge - q remains stationary between the 
plates. What is the magnitude and direction of 
this field? Delhi 2011 


* Find out the expression for the potential energy 
of a system of three charges q,,q, and q3 
located at r,, ry and 7, with respect to the 
common origin O. Delhi 2010 


24. ‘Two point charges q, and gz are located at r, and 


T», respectively in an external electric field E. 
Obtain the expression for the total work done 
in assembling this configuration. Delhi 2014 


* Adipole with its charges, - g and +q, located at 
the points (0, - b, 0) and (0, +b, 0) is present ina 
uniform electric field E. The equipotential 
surfaces of this field are planes parallel to the 
YZ- planes. 

(i) What is the direction of the electric field E? 


(i) How much torque would the dipole 
experience in this field? Delhi 2010 


* Ifa point charge +q is taken from AtoC and 
then from C to B, points Aand B lying ona 
circle drawn with another charge +g at its 


centre, then along which path more work will 
be done? 


27. 


Do free electrons travel to region of higher 
potential or lower potential? NCERT Exemplar 


Prove that a closed equipotential surface with 
no charge within itself, must enclose an 
equipotential value. 


LONG ANSWER Type I Questions 


29. 


30. 


” Acube of side b has a charge q at each of its 
vertices. Determine the potential and electric 
field due to this charge array at the centre of 
the cube. NCERT 


(i) Derive the expression for the electric 
potential due to an electric dipole ata point 
on its axial line. 

(ii) Depict the equipotential surfaces due to an 
electric dipole. Delhi 2017 


3. 


32. 


33; 


34. 


35. 
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Give the simplified expression for the followin, 

and draw the graph for variation of potential 

with distance. 

(i) Electrostatic potential due to a point charge 
q ata distance r from it. 

(ii) General expression for electric potential due 
to a dipole. 


Given figure shows a charge array known as an 
electric quadrupole. For a point on the axis of 
the quadrupole, obtain the dependence of 
potential on rfor r/a >> 1 and contrast your 
results with that due to an electric dipole and 
an electric monopole (i.e. a single charge). 

Aa 8 a 


NCERT 
Define an equipotential surface. Draw 
equipotential surfaces 

(i) in case of a single point charge 

{ii) in a constant electric field in Z-direction. 


Why the equipotential surfaces about a 
single charge are not equidistant? 
(iii) Can electric field exist tangential to an 
equipotential surface? Give reason, 
All India 2016 


Three charges ~ q, + Q and - q are placed at 
equal distance on straight line. If the potential 
energy of the system of the three charges is 
zero, then what is the ratio of Q: q? 


Four point charges Q, g, Qand q are placed at 


the corners of a square of side a as shown in 
figure. 


Q q 


q Q 
Find the 
(a) resultant electric force ona charge Q and 
(b) potential energy of this system. CBSE 2018 
Or 


(a) Three point charges 9, ~ 4q and 2g are 
placed at the vertices of an equilateral 


triangle ABC of side / as shown in the figure. 


Electrostatic Potential and Capacitance 


Obtain the expression for the magnitude of 
the resultant electric force acting on the 
charge q. 


A 
y 


af ; 424 
(b) Find out the amount of the work done to 
separate the charges at infinite distance. 

CBSE 2018 


LONG ANSWER Type II Questions 


36. 


37. 


38. 


Three concentric metal shells A, B and C of 

radius a, b and c(a< b<c) have surface charge 

densities +6, -c and +o, respectively. 

(i) Find the potential of three shells at 4, B 
andC. 

(ii) If the shells A and C are at the same 


potential, obtain the relation between the 
radii a, b andc. 


Two metal spheres, one of radius R and the 
other of radius 2R, both have same surface 
charge density o. They are brought in contact 
and separated. What will be new surface charge 
densities on them? NCERT Exemplar 


(a) Use Gauss’ law to derive the expression for 
the electric field (E) due to a straight 
uniformly charged infinite line of charge 
density 4 C/m. 


(b) Draw a graph to show the variation of E with 
perpendicular distance r from the line of 
charge. 

(c) Find the work done in bringing a charge q 
from perpendicular distance r, to r,(r, > ",). 

CBSE 2018 


NUMERICAL PROBLEMS 


39, 


What is the work done in moving a2,\C point 


charge from corner A to corner B of a square 
ABCD, when a10 1\C charge exists at the centre 


of the square? 
3 B 
2yC 
. 
ORC 
Do c 


40. 


41. 


42. 


43. 


44. 


45. 


46. 


47. 


TF 


The electric potential at 0.1 m from a point 
charge is + 50 V. What is the magnitude and sign 
of the charge? All India 2011 


‘Two charges 5x10" ® Cand- 3x 10"° Care 
located 16 cm apart. At what point (s) on the line 
joining the two charges is the electric potential 
zero? Take the potential at infinity to be zero. 
NCERT 


A regular hexagon of side 10 cm has a charge 
5C at each of its vertices. Calculate the 
potential at the centre of the hexagon. 

NCERT 


Acharge of 8 mC is located at the origin. 
Calculate the work done in taking a small 
charge of -2x10°C from a point P(0, 0,3) (in 
cm) to a point Q (0, 4, 0) (in cm), via a point 

R (0, 6, 9) (in cm). NCERT 
The circular arc is shown in the figure given 
below, has a uniform charge per unit length of 


1x10°$C/m, Find the potential at the centre O of 
the arc. 


Ao 

2m 
Asmall particle carrying a negative charge of 
1.6 x 10° Cis suspended in equilibrium 
between the horizontal metal plates 10 cm 
apart, having a potential difference of 4000 V 
across them, find the mass of the particle. 
An infinite plane sheet of charge density 
10° §C/m? is held in air. In this situation, how 
far apart are two equipotential surfaces whose 
potential difference is 5 V? 


Atest charge q is moved without acceleration 


from Ato C along the path from Ato B and then 
from B to C in electric field E as shown in the 
figure. 


(i) Calculate the potential difference between A 
andC. 
(ii) At which point (of the two) is the electric 
potential more and why? All India 2012 
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48. Two identical plane 

metallic surfaces 4 and B 

are kept parallel to each 

other in air, separated by a 

distance of 1 cm, surface A 

is given a positive 

potential of 10 V and the 

‘outer surface of B is earthed. 

(i) What is the magnitude and direction of the 
electric field between the points Y and Z? 

(ii) What is the work done in moving a charge of 
20 nC from point ¥ to point Z? 


| HINTs AND SOLUTIONS | 


L (c) From definition of potential, 
W_Fed 
—=— volt 

q 4 

Here, unit of force is newton, unit of distance (d) is 
metre and unit of chage (g) is coulomb. 


V= 


i «< _Joule N-m 
Unit of potential is —"—~__ 9 
ant af potential sae fe 


2 (a) Considering potential to be zero at infinity, Work 
done by an external force in bringing a unit positive 
charge from infinity to a point without acceleration 
= Electrostatic potential (V) at that point 

3. () The external force at every point of the path is to be 
equal and opposite to the electrostatic force on the test 
charge at that point. 

4. (b) Potential inside a conductor is same al all the points 
and is equal to the potential at its surface, So, potential 
al the centre of sphere will also be 50 V. 

5. (a) If charge on a conducting sphere of radius Ris Q 
then potential outside the sphere. : 

1 9 
V4 =—.2 
ane, 5 
At the surface of sphere, 
1 
Tey 


§. (c) The positively charged particle experiences 
electrostatic force along the direction of electric field 
Le. from high electrostatic potential to low electrostatic 
potential. Thus, the work is done by the electric field on 
the positive charge, hence electrostatic potential energy 
of the positive charge decreases, 

7. (©) The work done by a electrostatic force is given by 
Wi = 9(V, ~ V,). Here initial and final potentials are 
same in all three cases and same charge is moved. so 
work done is same in all three cases, 


| All‘none | PHYSICS Class 194) 


8, (a) In this problem, the collection of charges, whote tot 
sum is nol zero, with regard to great diste can be 
considered as a point charge. The equipotenti 1s due to 
point charge are spherical in shape as electric potential 
due to point charge q is given by 


V=k, A 
Fi 

‘This suggest that electric potentials due to point charge 

is same for all equidistant points. The locus of these 

equidistant points, which are at same potential, form 

spherical surface, 


9. (c) Electric potential energy of the system, 


14 
4m, or 
Here, q; = 92 =11C 
=1x10~C, 
1 
r=1mand 
4TEy 


=9x 10" N-m7/C? 


9x10" x1x 10 x1 x 107° 


1 
=9x10° 4] 
10. According to question, r, > 5, 
+Qe— ey 
ie} A 8 


Potential at point A due to charge +Q,(¥%,) = £2 
i 


Potential at point B due to charge +Q, (V,) = *2 


As V¥yse2. 
i 
‘hehe! 
and Vast and n> 
n 
so, Vy > Vy 


Thus, (V, — Va) is positive, 

i, No, it is not necessary because electric field strength 

inside a hollow charged spherical shell is zero but 
potential at the point is same as that on the surface of 
shell. 

12. Wrong, the potential due to a dipole at any point on 
equatorial line is zero, not on axial line. 

13. As, A and Bare points on the equitorial plane ‘of dipole 

V, =Vy =0 

Net potential = V, + V, =0 


Work done w = ¥, 


» ASV=0,W=0 


q 
So, the work done by the process will be zero, 
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14. 


15. 


16. 


17. 
18. 
19. 


20. 


2 


22. 


Electric field is always normal to the equipotential 
surface at every point, because no work is done, as 

W =qo(¥, -Vp) 
= Vy-V,=0 
hence W=0. 
If the field were not normal to the equipotential surface, 
it would have a non-zero component along the surface, 
So, to move a test charge against this component, a 
work would have to be done. 
The electric potential energy at any point lying ata 
distance r from the source charge q is equal to the 
amount of work done in moving unit positive test 
charge from infinity to that point without any 
acceleration against electrostatic force. 


Potential is maximum at A as potential decreases in the 
direction of field or we can say that V,> Vy = Vo. 


Refer to graph on page 64. 
Refer to text on page 68 (case I). 


Equipotential surfaces do not intersect each other as it 
gives two directions of electric field at intersecting point 
which is not possible. 

As, the collection of charges at a great distance, so it has 
spherical equipotential surface. 


(i) Equipotential surfaces of the system (dipole), 


Equipotential 


ye“ 
i 


(ii) Equipotential surfaces get closer to each other near 
the point charges as strong electric field is produced 


there, 


[for a given equipotential surface] 
where, small Ar represents strong electric field and 
vice-versa, 


Here, — q charge experiences force in a direction 


opposite to the direction of electric field, 


+0 


Vertical 
downward © 
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‘The direction of electric field is along vertically 
downward direction. 


Note Tho XZ-plane is s0 chosen thal the direction of electric field 
due to two plates 1s along vertically downward direction, otherwise 
weigh! (mg) al charged particte could nat be balanced. 


23. 
24. 
25. 


26. 


27, 


The sketch of equipotential surface due to electric field 
between the plates is shown in figure below. 


Y, 
Equipotentiat 
sutface — 
9 x 
z E (Vertically downward) 


Refer to text on page 71. 
Refer to text on page 73. 
(i) The direction of electric field is perpendicular to their 
equipotential surface. So, the direction of electric field 
is along X-axis as its length should be perpendicular 
to equipotential surface lying in YZ-plane. 
(ii) Length of the dipole = 2b 
As dipole’s axis is along the Y-axis. 
Electric dipole moment. p = 9(2b)j 
and electric field, E = Ei 


= + 2qbE (jxi 
= 2gbE (-k) 
Torque, |t| = 2qbE 
Consider the situation as shown in figure. 


Work done for the path AC 

Wac = +4(Vo ~ Va) 
Similarly, Woy = + (Vp + Ve) 
oy Vy = Vo 

IWac |= Wout 

The free electrons experience electrostatic force ina 
direction opposite to the direction of electric field, being 
of negative charge. The electric field is always directed 
from higher potential Lo lower potential. 
Therefore, electrostatic force and hence, direction of 
travelling of electrons is from lower potential to the 
region of higher potential. 
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28. 


— fe 


| Hints: In this problem, we need to know that the 
| clectric field intensity E and electric potential V are 


| telatedas f= -< and the field lines are always 
ir 


Perpendicular from one equipotential surface 
maintained at high electrostatic potential to other 
| equipotential surface maintained at a low 
| electrostatic potential. 


Let's assume contradicting statement that the potential 
is not same inside the closed equipotential surface. Let 
the potential just inside the surface be different to that 


on the surface having a potential gradient (*). 
7 


Consequently, electric eld comes into existence, which 
- av 
isgivenby, E= 


dr 

Consequently, field lines point inwards or outwards 
from the surface. These lines cannot be formed on the 
surface, as the surface is equipotential. It is possible only 
when the other end of the field lines are originated from 
the charges inside, This contradicts the original 
assumption. Hence, the entire volume inside must be 
equipotential. 


29. Consider a cube of side band its centre be O. The charge 


gis placed at each of the corners. 
Side of the cub 


Length of the main diagonal of the cube 
b? + b+ BF = 3b 
Distance of centre O from each of the vertices is 


= mC) 


14 


Amey or 


Potential at point O due to all charges placed al the 
vertices of the cube, 


Potential at point O due to one charge, V = 


: Bx1Xq_ By x2 
Vv’ =8V =———"== from Eq. (i 
aneyr ane,-bJi [from Eq, (i)] 
-—49 
Vane.b 


The electric field due to one vertex is balanced by the 
electric field due to the opposite vertex because all 
charges are positive in nature. Thus, the resultant 
electric field at the centre O of the cube is zero. 


30. 


31. 


32. 


33, 
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(i) Refer to text on page 67. 
(ii) Refer to text on page 68 (Case IV). 
Refer text on page 64 for the graph. 
(i) Refer to text on pages 63 and 64. 
(ii) Refer to text on pages 66 and 67. 
Given, AC = 2a, BP=r 
AP.=r-+aand PC =r-a@ 
Aa B a 
go -9-a 4 


The potential at Pis V. 
V = Potential at P due to A + Potential at P due to B 
+ Potential at P due to C 


jb: es BE 
4ne, AP BP CP. 

eae (i 2] 

4ne, [(r+a) r (r—a) 
q_[r(r=a)- 2(r+ a)(r—a) + r(r+a) 
4n€, r(r+a)(r—a) 

__9 |r =ra~2r? + 20° +1? + ra 

4ne, r(r°—a’) 


4-20" 


Prey re[h - 


qa 
4ne,r(r? —a®) 


According to the question, 


17> >1,a<<,, Therefore, V = 428" 
a 4ney-r? 
1 
ve 
As, we know that electric potential at a Point on axial 
line due to an electric dipole is 


In case of electric monopole, V « L, 

r 

Then, we conclude that for larger r, 

due to 8 quadrupole is inversely proportional to the cube 

of the distance r, while due to an electric dipole, it i 

inversely Proportional to the square of rand inversely 

Proportional to the distance r for a monopole, 

(i) Refer to text on Page 68. 

(ii) Equipotential surfac. 
Z-direction. 


the electric potential 


es when the electric field is in 


y. 


Epuipotential 
surfaces 
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The equipotential surfaces duc to a single point 
charge is represented by concentric spherical shells 
of increasing radius, so they are not equidistant, 
(iii) No, the electric field does not exist tangentially to 

an equipotential surface because no work is done in 
moving a charge from one point to other on 
equipotential surface. This indicates that the 
component of electric ficld along the equipotential 
surface is zero. Hence, the equipotential surface is 
perpendicular to field lines. 

34, Let the three charges be located as shown in the figure. 


1 


=q + =¢ 


‘The potential energy of the system be . 
1 (a, 1 Oa), 1 (aa) 
4me, or 4m, or Ane, ar 


U= 


2g 


att : 
rob q 4 


=1:4 


35. (a) Force acting on charge Q placed at point B, is due to 
charges placed at points A, C and D. 


Here, magnitude of force on charge at point Bdue to 
charge at point A is 
Foy =e 
BA a 
Similarly, magnitude of force on charge at point B due 
to charge at point C is 
&Qg 
a 2 
Also, the magnitude of force on charge at point Bdue 
charge at point D is 


Fac = 


ie 
2a? 


Fac 


8l 


Let F is resultant of Fy, and Pye. 


p= v.82 | 
a’ 

The resultant electric force on charge Q is 

2 2 

pagar + AO = fe he, 

2a a a 
=19(Jaq+2)nemon 
a 


(b) The potential energy of the system is given by 
U =U gg tU gc +U cy +U a * Uc +U so 
2 
= FOa, Kg, ko , Oa, ka”, RO 
aaa. a. va Yea 


=|4(#Q2), ka 4 AO 
LK 5 jee] 
Or 


(a) Force acting on the charge q placed at A, is due to the 
charges placed at points B and C. 
F; 


Do2q 


From the given figure, magnitude of force on charge 
at A due to charge at point C is given as 


Bis Sao), nye 
Similarly, magnitude of force on charge at point A, 
due to charge at point Bis 
ka 
Fy = 4, say =2F (4 Fay =2P ac) 


Frog = VF? + (2) + AF) (2F) cos 120° 


= sant sar*{-t]) 


(b) The amount of the work done to separate the charges 
at infinite = Potential energy of the system 
U =U 45 +Use tU ne 
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= Masada, C= 4929) ,, (g)(29) 
? ? ’ 


=10kq* 


Us J 


36. (i) Potential of three shells 
At shell A 


Porentia v= 1 (2 a t) 


2 2, a 
= Ana'g _and’o | 4nc’o wos 
ane,( a b ¢ ane? 
= (a~b+c) 
& 


1_(4 
ane,lb bc 
1 (= Andis see). 


4m, b b c 
g (a8? 
= te 
£o b 
At shell C 
Potential, Ve =. (£-"+% 
dnele cc 
am! Ana’o _Anbio , ancta goed 
me \ ec € ¢ 4nr? 


8 (a -B +c? 
£y c 


(ii) Relation between the radii 

Now, | V4 = Vo (given) 
o (ab +c%) 
ee ae 
abc? at pe 


SZ (a-b+e)= 
&o 


a-b+c= +e 
€ € 
c(a—b)=a* -b* 
> c=atb [-(a? —b*)=(a~ dy(a46)] 
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37. Radius of sphere A = R 


Surface charge density on sphere A =o 
Radius of sphere B = 2R 
Surface charge density on sphere B =o 
Before contact, the charge on sphere A is 
Q, = Surface charge density x Surface area 

=> Q, =0-4mR* 
Before contact, the charge on sphere Bis 

Q, = Surface charge density x Surface area 

Q, =0-4n(2R)’ = 0 -167R? 
Let after the contact, the charge on A be Q/ and the 
charge on Bbe Q3. 
According to the conservation of charge, the charge 
before contact is equal to charge after contact. 


M+; =A +9, 
Now, from Eqs. (i) and (ii), we get 
Oy + Q5 =40R’o + 16KR’o 
= 20nR’o (iii) 
As they are in contact. So, they have same potential 


fi) 


fii) 


Potential on sphere A is V, = 1. QF 
ane, R 


Potential on sphere Bis V, =—1_.Q2 
4ne, 2R 


So, Va =Vq 


ee 2.1 

4me, Ro dng) 2R 
2 9 

RR 
> 20; = Q3 wiv) 
Putting the value of Q in Eq. (iii), we get 
Qi +207 = 20nR’s 3Q/ = 20nR’o 
> Qe 2at’o 
» 40 ; 

and Qi = Sakic [from Eq. (iv)] 


Let the new charge densities be o, and. 


400 Ro 400 
ek _ 4g, 
3x4mx4R? 16x3 


4n(2R)* 
100 
1x36 


Thus, the surface charge densities on spheres after 
contact are -¢ and 36 
3 6 
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38. (@) Field due to an infinitel 
charged line 


Consider an infinitely long thin straight line with 
uniform linear charge density (A), 


ly long thin straight 


Gaussian surface for a long thin straight line of 
uniform charge density 


From symmetry, the electric field is everywhere radial 
in the plane cutting the wire normally and its 
magnitude only depends on the radial distance (r), 
From Gauss’ law, 


6, =fe-as=4 
; 


e 
Now, 6; =fE-dS= fends 
5 5 


= fds +$E-nds + fends 
+ fE-ds= fe dS caso? + fe ascons0? 
5 4 3 
+ FE dscoso* 
=feds= ian 
c 


Charge enclosed in the cylinder, g = Al 


The direction of the electric field is radially outward 
from the positive line charge. For negative line charge, it 
will be radially inward. 

(b) Electric field (E) due to the linear charge is 
inversely proportional to the distance (r) from the 
linear charge. The variation of electric field(E) with 
distance (r) is shown in figure. 


E 
: a 
id rad 
= (E-dr = [? ——dr= )o ed 
(v= fE-dr f Ine 2REy ir 
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f 
log 2. 
mal af 


Work done = qv =4 [2 (ie | 
‘0 Li] 


39. Work done, W =q x AV 


But AV = 0as the two diagonally opposite points are at 
the same potential due to 10nC charge. 


e W=2nC x0=0 
Work done w=0 
40. Given, Im, V=+50 Vand 
‘As, vate’ 
ane, r 
> 50=9x10? x 4 
a. 
0% 0 - 56x10C 
9x10 


As, V is positive, therefore, q must be positive. 
Al. Refer to Example 6 on page 65. 


Ans. At 6 cm from charge — 3x10°C. 


42. ABCDEF is a regular hexagon of side 10 cm each. At 


each corner, the charge q =541C is placed. O is the 
centre of the hexagon. 


4 oO 
a 


q q 
A 10cm B 


Given, AB = BC = CD = DE = EF = FA=10cm 


As, the hexagon has six equilateral triangles, so the 
distance of centre O from every vertex is 10 em. 


ie, OA = OB = OC = OD = OE = OF = 10cm 

<. Potential at point O = Sum of potentials at centre O 
due to individual point charge 

Le. Vo HVyt Vet Vet lp +t Vy + Vy 


oa Greece ea | 


ney LOA OB OC OD” OE” OF. 


wig 
me, 7 


Putting the values, we get 


Vo =9x107| 5% 10 
10x 10 


5x 10° 


5x10% 


+ 


10 x 107 


10 x 107 
5x10° | 5X10 5x10 
2 =; 
1x 107 10x10? 10 X10 
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= 9x10" x BX1O™ XS 
19 x10% 
= 27 x10° 
=27x10° V 
43. Charge go at origin O=8mC =8 107°C 
Charge gp at point P= —2x 107°C 
Distance 0) 
Distance, OQ 


Work done in bringing the charge q, from P to Q 
x potential difference between Q and P 
9g (Vg — Vp) 
ax10*(1_.9o 1 do. 
4me, OQ 4ne, OP 
° 3 2 3 
oan 10°x 8x10 9x 10? x 8x 10 } 


0.04 0.03 


_18X 8X10 x 0.01 

~ 0.0012 

=12J 
Thus, the work done in bringing the charge of 
- 2x 10°C from Pto Q is 1.2J. 


44. Potential at the centre, 
v -4(2) 
4me, \r. 
=9x10 x10% x x ony 
360 


2x 3.14 x2 


=9x10" x10 x =1884V 


AS. Refer to Example 11 on pages 69 and 70. 
[Ans. 6.5x10"kg) 
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4G, Surface charge density, 6 = 10" C/m? 
Potential difference of two equipotential surface, 
dV =5V 


Let the separation between two equipotential surfaces 
be dr. Electric field intensity E due to infinite plane sheet 


is given by 
Bot 
£5 
The relation between E and V is given by 
dv_c 
gy Ea 
dr dr 2, 
ap = PEord¥ _ 2x (8.85% 107?) 5 
p= ol _ Eee ae 
= o 10° 
=8.85 10° m 


AT. (i): Electric field intensity and potential difference are 
related as, 


> " AV=-EAr 
By Pythagoras law, AC* = AB? + BC* 
= 5? —3? = AB* 
at AB=Ar=4 
= Vy Ve =-4E 
= Ve, =4E 
Gi) As, Vo -V, =4E, is positive. 
Ps Ve > V4 
Potential is greater at point C than at point A, as 


potential decreases along the direction of electric 
field. 


48. (i) Electric field between the plates is given by 
AV 7 ) 
Ax 1x10 
— ~@-10) 
10 
It is directed from A to B. 
(ii) Work done in moving a charge from ¥ to Zis 
Wrz =q(AV)= 20x10 (Vv, - Vy) 
= 20x10" (0-10) 
== 20x10" J 


=10°V/m 


|TOPIC 2| 
Dielectric and Capacitance 


In this topic, we are going to learn about characteristic, 
properties of conductors and insulators. Also we will go 


through the concepts of capacitors and their 
combinations. 


CONDUCTORS AND 
INSULATORS 


Let us discuss some characteristics of conductors and 
insulators as discussed below. 


Conductors 


Conductors are the materials through which electric 
charge can flow easily, Most of the metals are conductors 
of electric charge, Silver is the best conductor of electric 
charge. 


Under electrostatic conditions, the conductors have 
following properties 
(i) Inside a conductor, electrostatic field is zero. 
(ii) At the surface of a charged conductor, electrostatic 
field must be normal to the surface at every point, 
(iii) The interior of the conductor can have no excess 
charge in the static situation. 
(iv) Electrostatic potential is constant throughout the 
volume of the conductor and has the same value 
(as inside) on its surface. 
(v) Surface charge density of a conductor could be 
different at different points. 
¥ Electrostatic Shielding 
The phenomenon of protecting a cerlain region of space 
from external electric field is called electrastatic shielding. 
We know that inside a conductor, electric field is 2ero, so to 
protect some instruments from external field, they are 
enclosed in hollow conductors, 
o>0 
Ke 


Insulators 


Insulators are the materials through which electric charge 
cannot flow e.g. glass, rubber, wood, ete, Insulators are also 
called dielectrics, when an electric field is applied, induced 
charges appear on the surface of the dielectric. Hence, it can 
be said thar dielectrics are the insulating materials which 
transmit the electric effect without conducting. 


Free Charges and Bound Charges 
Inside the Conductor 


In metallic conductors, electrons are the charge carriers. In a 
metal, the outer (valence) electrons part away from their atoms 
and are free to move, these electrons are called free electrons or 
conduction electrons. The electrical conductivity of a material 
depends upon the number of free electrons present in it. 
Materials which have high number of free electrons are good 
conductors and which have less number of free electrons are bad 
conductors. 

When an clectron leaves an atom, atom becomes positively 
charged ion. The positively charged ions and bound electrons 
remain held in their fixed positions and are called bound. 
charges. 2 


Dielectrics and Polarisation 


Dielectrics (or insulators) are non-conducting substances. In 
contrast to conductors, they have no (or negligible number of ) 
free charges or charge carriers. 
In a dielectric under the effect of an 
external field, a net dipole moment is 
induced in the dielectric. Due to 
molecular dipole moments, a net charge 
appears on the surface of the dielectric. 
These induced charges (of densities 
-G, and and +6,) produce a field 
opposing the external field. Induced field 
is lesser in magnitude than the external 
field, So, field inside the dielectric gets 
reduced, 

B=|E|-|Eu| 
where, E= resultant electric field in the dielectric, 
E, =external electric field between two plates 
and E,, = electric fleld inside the dielectric, 
A net dipole moment is developed by an external field in 
cither case, whether a polar or non-polar dielectric. 


Polatised 
dielectric slab 
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Dielectric Constant (K) 

The ratio of the strength of the applied electtic field to the 
strength of the reduced value of the electric field on placing 
the diclectric berween the two plates is called the dielectric 
constant of the dielectric medium. 

It is also known as relative permittivity or specific 
inductive capacity and is denoted by K(or€,). 


Therefore, dielectric constant of a dielectric medium is 


given by 
[4] 


Note The value of K is always greater than 1 


Polarisation (P) 

The induced dipole moment developed per unit volume in 
a dielectric slab on placing it in an electric field is called 
polarisation. It is denoted by P. If p is induced dipole 
moment acquired by an atom of the dielectric and Nis the 
number of atoms per unit volume, then polarisation is 


The induced dipole moment (p) acquired by the atom is 


found to be directly proportional to the reduced value of . 


electric field () and is given by 


where, @ is constant of proportio: 
polarisability. 


Electric Susceptibility (x) 
The polarisation density of a dielectric slab is directly 


proportional to the reduced value of the electric field and 
may be expressed as 


ty and is called atomic 


The constant of proportionality x is called electric 
susceptibility of the dielectric slab. It is a dimensionless 
constant.Jt describes the electrical behaviour of a dielectric. 
Jt has different values for different dielectrics. 

For vacuum, % =0 

Relation between dielectric 
suscepiibility can be given as 


[K=1+%) 
Dielectric Strength 


The maximum electric field that a dielectric can withstand 
without breakdown (of its insulating property), is called its 
dielectric strength. For air, it is about 3 x 10°V/m, 


constant and electric 
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Capacitors and Capacitance 

A capacitor is a system of two conductots separated by an 
insulating medium. The conductors have charges Q and 
=Q with potential difference, V = V, — V2 between them, 
The clectric field in the region between the conductors ig 
proportional to the charge Q. 


Conductor 1 Conductor 2 


A system of two conductors or capacitors 
If the potential difference (V) is the work done per unit 


positive charge in taking a small test charge from the 
conductor 2 t0 | against the field, then V is proportional to 


Q and the ratio Vi. is a constant. 


Ea 


The constant C is called the capacitance of the capacitor. 
Capacitance C depends on shape, size and separation of the 
system of two conductors. The SI unit of capacitance is 
farad. Its dimensional formula is{M~'L°T*A?]. 
1 farad = 1 coulomb/volt 
A capacitor with fixed capacitance is symbolically shown as 
Ab. while the one with variable capacitance is shown as 
Af. In practice, farad is a very big unit, the most common 
units are its sub-multiples. 
IMF =10°° F,1 nF =107 Fl pF =107" F 


EXAMPLE |1| When 1x10” electrons are transferred 
from one conductor to another, a potential difference of 


10 V appears between the conductors. Find the 
capacitance of the two conductors. 
Sol. Given, number of electrons, 
n=1x10" 
©. Charge transferred, 
Q=ne =1x10" xLex10-” 
=L6x107C [ve = 16x10" C) 


+ Capacitance between two conductors, 
1 
C= Q a 16X10 
v 10 
=16x10° F 
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PARALLEL PLATE CAPACITOR 


Parallel plate capacitor consists of ovo thin conducting 
plates each of area A held parallel to each other at a suitable 
distance d. One of the plates is insulated and other is 
earthed. And also there is vacuum between the plates. 


Surface x 


charge 1 ‘Area A 
id 

Surtace (eS 

eens 7 F eathed 


Suppose the plate X is given a charge of + g coulomb. By 
induction, ~g coulomb of charge is produced on the inner 
surface of the plate Yand+g coulomb on the outer surface. 
Since, the plate Yis connected to the earth, the-+g charge on 
the outer surface flows to the earth, Thus, the plates Xand Y 
have equal and opposite charges. 


Suppose the surface density of charge on each plate iso. We 
know that the intensity of electric field at a point between 
two plane, parallel sheets of equal and opposite charges is 
G fey, where € gis the permittivity of free space. 

The intensity of electric field between the plates will be 
given by 

oO 


& 


The charge on each plate is g and the area of each plate is A. 
Thus, 


and so, E = 


wi) 


Now, let the potential difference between the two plates be 
V volt. Then, the electric field between the plates is given by 


Vv 
E=— or V=Ed 
d 


Substituting the value of E from Eq. (i), we get 


where, 85 x107" Fim 


It is clear from this formula that in order to obtain high 
capacitance, 


(i) A should be large, ie. the plates of large area should 
be taken. 
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(ii) dshould be small, ic. the plates should be kept close 
to each other, 


Note Capacity of an Isolated spherical conductor is 


C = Antot 


where, f= radius of the sphere. 


Leakage of Charge from a Capacitor 
From the formula C =q/V, it is clear that for large C, Vis 
small for a given g. This means a capacitor with large 
capacitance can hold large amount of charge q at small V. 
This is very important fact, because the large amount of 
charge implies strong electric field around the conductor. 
This strong electric field can ionise the surrounding air and 
accelerate the charges, so produced to oppositely charged 
plates, thereby neutralising the charge on the capacitor 
plates. This means the charge of the capacitor leaks away 
due to the reduction in an insulating power of the 
intervening medium. 


EXAMPLE |2| What is the area of the plates of a 2F 
parallel plate capacitor, given that the separation between 
the plates is 0.5 cm? (You will realise from your answer 
why ordinary capacitors are in the range of uF or less. 
However, electrolytic capacitors do have a much larger 
capacitance (0.1 F) because of very minute separation 
between the conductors). NCERT 


Sol. Given, capacitance, C = 2F 
and separation between plates, d = 05cm =05 x 10 m 


Capacitance of a parallel plate capacitor, 


A 
cated 
d : d 
Cd _ 2x 05x10? 
or Ain SE = SRDS 
&) 8854x107? . 


= 1.13% 10" mé 

= 1130 km? 
This area is very large, so it is not possible that the 
capacitance of a capacitor is too large as 2. 


So, the capacitance of any capacitor should be the range 
of 240F, 


EXAMPLE |3| A parallel plate capacitor has plate area 
25 cm? and a separation of 2 mm between the plates. The 
capacitor is connected to a battery of 12 V. 

(i) Find the charge on the capacitor. 

(ii) If the plate separation is decreased to 1.0 mm, 


then find the extra charge given by the battery to the 
positive plate. 


88 


Sol. Given. area of plate, A = 25 em? = 25x10" 4m? 
Distance between the plates, 
Potential difference, V =12 V 
(i) Charge on the capacitor, q=cv 

= Foy, _ 885X107" x 25x10" 4 12 
d 2x107 
=1.33x 10°C 
Gi) If the plate separation is decreased to half, the 


capacity becomes twice. Then, charge becomes twice 
as battery is still connected. 


*. Extra charge given by the battery = q’-q 
= 2qg-q =q =133x10"C 


Effect of Dielectric on Parallel 
Plate Capacitor 


Consider a dielectric is inserted between the plates of a 
Parallel plate capacitor and fully occupying the intervening, 
region as shown in figure. The dielectric is polarised by the 
field, with surface charge densities 6 p.and —G p. 

The electric field in the dielectric then corresponds to the 
case when the net surface charge density on the plates is 
t(6-Gp). 


2mm = 2x107m 


Sigg 
+= 7- 
e}- +} 
a+ Bal 
+]- +] 
+|- +- 
}- kal 
+|- +- 
+[-o — +59)-| 

+3 <9 


Dielectric between the plates of a capacitor 
. F=¢ 

So, net electric field between the plates, E = — 
o 


[+ dielectric is polarised in the opposite 
direction of external, field] 
-. Potential difference between the plates, 


VsEd =2-Seg 
Ey 


For linear dielectrics, we expect @ » to be proportional to E, 
ie, 10.6. 


Thus, (6 - 6 p) is proportional to 6 and we can write, 


os ope 
eS a 
K 


where, K is a constant characteristics of the dielectric. 
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Clearly, K>1 ts op <a} 
then, ve St at 
&,K At, K 


“+ The capacitance C with dielectric between the plates j 
given by 


C= 42 f0KA 


¥ d 


The product eK is called the permittivity of the medium ani 
is denoted by e, 


For vacuum, K = 
permittivity of the vacuum. , 
The dimensionless ratio, 


where €5 is called the 


Similarly, Ko 
c 


: 
Thus, the dielectric constant of a substance is the factor 
(K > 1) by which the capacitance increases from its vacuum 
value, when the dielectric is inserted fully between the plate 
of a capacitor. 
(i) When a dielectric slab of thickness ¢ is inserted 
between the plates, then 


£,A 
Capacitance, C = ae 
d-t+— 

K 


ii) If several slabs of dielectric constants Ky, K3, Kv 
and respective thicknesses t,,¢),¢5,... are placed in 
between the plates of a capacitor, then capacitance, 


oA 


a 


if t 
d-(tttyttyti)b + BES 
laters) K, Ks 
If a metallic slab (K =00) of thickness ¢ is placed 
between the plates of capacitor, then 


Capacitance, 


EA 


Cc 


d-t 
If metallic slab fills the entire space between the 


plates (ied =2), then capacitance will becom 
infinite, 
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EXAMPLE |4| In a parallel plate capacitor with air 
petween the plates, each plate has an area of 6 x107%m? 
and the separation between the plates is 3 mm. 
(i) Calculate the capacitance of the capacitor. 
(ji) If this capacitor is connected to 100 V supply, what 
would be the charge on each plate? 


(ii) How would charge on the plates be affected if a3 mm 
thick mica sheet of K = 6 is inserted between the plates 
while the voltage supply remains connected? 

Foreign 2014 

Sol. Given, area of each plate, A = 6X10 m? 

Distance between the plates, 
d=3mm 
=3x10%m 
(). Capacitance of parallel plate capacitor is given by 
cu fod _ 885x107 x6x107 
d 3x10? 
Fe C=177x10"F 
(ii) Charge on parallel plate capacitor is given by 
Q= CV =177x10"" 100 


= 177% 10°C 
(iii) Given, K =6 
Now, C’= KC 
eiyq, eke 
voy 
V=kQ 
x1.77x10" 
=10.62x10°C 


EXAMPLE [5] An air-cored capacitor of plate area A and 
Separation d has a capacity C. Two dielectric slabs are 
inserted between its plates in two different manners as 
shown. Calculate the capacitance in it. 


Ha 


ah 
———_o —_ 


=ho 


Sol Let the charges on the plates are Q and -Q. 


Electric field in free space is Ey = 2 =-2., 
&  AEy 


Electric field in first slab is E, : 
K, At yk, 


Electric field in second slab is E, = Fo. me) 
Kz AtyK, 
The potential difference between the plates is 
V=Ej(d-1, -ty) + Ey + Eat, 


~ AB, 
EA 


t 
d-ty-t,+++ 
TO RK 


COMBINATION OF CAPACITORS 


When there is a combination of capacitors in a circuit, we 
can sometimes replace that combination with an 
equivalent capacitor, i.e. single capacitor, that has the same 
capacitance as the actual combination of capacitors has 
with such a replacement, thar-we can simply find the 
circuit, affording easier solutions for unknown quantities 
of the circuit. 

Here, we discuss two basic combinations of capacitors 
which can be replaced by single equivalent capacitor. 


Capacitors in Series 

When a potential difference (V) is applied across several 
capacitors connected end to end in such a way that, sum of 
potential differences across all the capacitors is equal to the 


applied potential difference V, then these capacitors are 
said to be connected in series. 


Series combination of capacitors 


The potential difference across the separate capacitors 
are given by 


1 2 3 
However, the potential difference across the series 
combination of capacitors is V volt 


ya 2, yn Dey oo 
G gE 


where, VeV+MytVy wi) 
Let Cs represents the equivalent capacitance, then 
Ve & wil) 


s 
Combining Eqs. (i) and (ii), we get 
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The equivalent capacitance of n capacitors connected in 
series is equal to the sum of the reciprocals of individual 
capacitances of the capacitors. 


Mathematically, it is expressed as, 


All the capacitors connected in series have same amount of 
charge, but potential differences benween their plates are 
inversely proportional ro their capacitances. This combination 
is used when a high voltage is to be divided on several 
capacitors. Here, capacitor with minimum capacitance has 
maximum potential difference between the plates. 


Capacitors in Parallel cy 
Jo: 


Capacitors are said ro be connected 
in parallel when a porential 
difference that is applied across their 
combination results in the potertial 
differnce same across each capacitor. No 


When a potential difference (V) is ost-Fa, 
applied across several capacitors F 
connected in parallel, then the 

potential difference (V/) exists across i. ara a} 
each capacitor. The total charge (Q) paar 


stored on the capacitor is the sum of 
the charges stored on all the 
capacitors. 
IF Q is the toral charge on the parallel network, then 
Q=0, +0, + Oy fi) 
Let Cp be the equivalent capacitance of the parallel 
combination, then 
Q=CpV, = CV, Q, = CLV 
and Q,=C,V 
Combining Eqs. (i) and (ii), we obtain 
CV =CV4C,V+CV 
=  Cpr=C,+C,4+C, 
The equivalent capacitance of » number of capacitors in 
parallel is equal to the algebraic sum of the individual 
capacitances of the capacitors. 


Mathematically, it is expressed as, 


eq 


All the capacitors connected in parallel have same potential 
difference between their plates but the charge is 
distributed proportionally to their capacitances. 

Capacitors are combined in parallel, when we require a 

large capacitance at small potential. 
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EXAMPLE |6| Three capacitors each of capacitance oy 
are connected in series. 
(i) What is the total capacitance of the combination? 
(ii) What is the potential difference across each capacito, 
the combination is connected to a 120 V supply? NCER, 
Sol. There are three capacitors each of capacitance 9 pF. 
a C,=C, =C, =9pF 
and voltage, V =120V 
(i The total capacitance in series combination, 
tytytitytyl 
GG "Gy 9 
2 


9 


(ii) Let the charge across the system be q and potentiak 
across C,, C; and C; be V,,V, and V,, respectively. 
Charge, q =Cs+V =3120=360 pC 
Potential difference across C,, 


Potential difference across C, 


360 
v, = 1 = 38 <aov 
Cy 
Thus, the potential difference across each capacitoris 


40V. 


EXAMPLE |7] It is required to construct a 10}f 
capacitor which can be connected across a 200 V battery. 
Capacitors of capacitance 10 uF are available but they 
withstand only 50 V. Design a combination which cat 
yield the desired result. 
Sol. Capacitor of lOWF can withstand only 50 V, therefore t@ 
be connected across a 200 V battery, four capacitors 


must be connected in series in a row. Capacitor C of 
each row of four capacitors is 


11 
Argdi pte oe 
C, 10°10 10 10 10 


10 


= C= 


=2.5pF 


For a total capacity of 10 UF, four such rows of 
capacitors must be connected in parallel, so that 
Cp=4C, 
=4%2.5=10HF 
Hence, we need 16 capacitors with 4 capacitors in 
Series in each row and 4 such rows in parallel. 


Electrostatic Potential and Capacitance 


EXAMPLE |8|_ In the circuit shown in figure, find 
(i) the equivalent capacitance and 
(ii) the charge stored in each capacitor, 


1 F 
I 


2yF 
Ee 


3yiF 


100V 
Sol (i) The capacitors are in parallel. Hence, the equivalent 
capacitance is 
C=C, +C,+C; 
=(1+2+3)=6)1F 
(ii) Total charge drawn from the battery, 
q=CV =6x100UC 
= 600NC 
This charge will be distributed in the ratio of their 
capacities. Hence, 


1292245 = Cy Cy tCy 12:3 


Y ) * 600 = 100 1C 


~(ie243 


ae 
sass 


3 
= - | x 600 = 300 nC 
% (, aa] # 


} X 600 = 200 1C 


and 


EXAMPLE |9| Three capacitors of 1pF, 2uF and 3)1F are 
joined in series. 
(i) How many times will the capacity become when they 
are joined in parallel ? 
(ii) Determine the charge supplied by the battery of 100 V 


to the maximum resultant capacitor among both the 
arrangements. 


Sol. (i) Given, C, =1pF, C, = 2uF, C, = 3pF 
The combined capacity (C,) in series combination is 


given by 
Did gpd alphel all 
Ceti Ox, Os) bal 3 06 
6 
> Cy =— pF 
“au 
The combined capacity (C,) in parallel combination is 
given by 
Cp HC, tC, Cy =14243=6HP 
= Cp =llCs 
Gi) As, Cp>Cs 


. The charge supplied by 100 V battery, 
4g, = CpV = OME x100 = 6x10"* x100 
= q, = 6x10" *C = 600 HC 


a1 


EXAMPLE |10| Seven capacitors each of capacitance 
2\F are connected in a configuration to obtain an 


effective capacitance Cur Which of the following 


combinations will achieve the desired result? 
i] 


() Ey 


(iii) 


(v) 


Sol. Consider the first configuration, we have 


In series, C = OC 
C.+C, 
wo Cog = HO 1p 
10+1 11 
IKI 
ete 


+——10 pE—— 


EXAMPLE [11] A network of six identical capacitors, 
each of value C is made as shown in the figure. Find the 
equivalent capacitance between the points A and 8. 


VA 


Sol. The equivalent network of the given network is shown 


below. é é 
A {t {| B 
G ic 
At tle 
c c 
call 1 


‘Therefore equivalent capacitance, 
Coy = [2 Cseries CHI{C series 2C] 


af 2exc] se 
“‘Tac+c} 3 
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EXAMPLE M2lpina the equivalent capacitance 
between A and B. Given area of each plate = A and 
separation between plate = d. 


Gi) 


rS-+-3-4 


Sol (i) 


2Ae, 
d 
c= Kate 
d 
A 
k,4 
, 3Ae, 
Capacitance, C, = 7 eos 
2 
A E, 
f 0 _ 6AE, 
Capacitance, C, = a a 0 
2 
CiCy _ 2. 
C, and C, are in series, C’ = aie oe 
C’ and C, are in parallel = ‘Ae 
(li) Capacitance, c, = KiAEo _ 3480 
ds d 
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ENERGY STORED IN 
A CAPACITOR 


‘The energy of a charged capacitor is measured by the tora 
work done in charging the capacitor to a given potential, 
Let us assume that initially both che plates are uncharged, 
Now, we have to repeatedly move small positive charge 
from one plate and transfer them to tie plate. 

Now, when an additional small charge (dq) is transferred 
from one plate to another plate, the small work done ig 


dW = Vilg= 2 ey 


given by 
[charge on plate when dq charge is transferred be q’] 
The total work done in transferring charge Q is given by 


w=f° £ a= 2° a'dy 


This work is stored as electrostatic potential energy U in the 
capacitor. 


cv?! [-Q=cyy 


The energy stored per unit volume of space in a capacitor is 
called energy density. 


“= 


Energy density, EyE* 

2745 

Total energy stored in series combination or parallel 
combination of capacitors is equal to the sum of energies 
stored in individual capacitors. 


ie, U SU, +U,4U, +. 


Change in Energy on Introducing a 
Dielectric Slab 


(i) When a dielectric slab is inserted between the plates 
of a charged capacitor, with battery connected to its 
plates. Then, the capacitance becomes K (dielectti¢ 
constant) times and energy stored in the capacitot 
becomes KUy. 

(ii) When a diclectric slab is inserted between the plates 
of a charged capacitor and battery is disconnected: 
Then, the charge on the plates remains unchange 


. : Uy. 
and energy stored in the capacitor becomes re ie 
energy decreases, 


Note This topic has been frequently asked in previous years 2015, 
2014, 2012, 2011, 2010. 


Electrostatic Potential and Capacitance 


EXAMPLE [13] A capacitor of capacity 10,F is 


subjected to charge by a battery of 10 V. Calculate the 
energy stored in the capacitor. 


Sol Given, capacity, C =10F = 10x10"° F 
Voltage, V =10 V, energy, E =? 


<. Energy stored in the capacitor, E = Loy 
2 


=5x10xi0"" 1010 =5 x10" “J 
EXAMPLE |14] A parallel plate capacitor has plate area 
A and separation d. It is charged to a potential difference 
V,. This charging battery is disconnected and the plates 
are pulled apart to three times the initial separation. 
Calculate the work required to separate the plates. 


Sol. :.Capacitance, = £04 


Charge on plate, Q = CV = ay, 


Energy stored, U = Q"/2C 


As dis increased 3 times, so C decreases 3 times. Battery 
is disconnected, so Q remains same. The difference in 
the energy is the work done, 


Change in potential energy 
AU =U, -U, 


-2{2 is L(t» 
2|c, of d 
~hx(2tt y 

2 \d 
—_ £04Ve 
~ d 


Work done, AW =-AU'= 


pit 


Ga al 


io) 


EyAVy 


EXAMPLE |15| A 2uF capacitor is charged as shown in 
the figure. Find the percentage of its stored energy 
dissipated after the switch S is turned to position 2. 


apr] 


Sol Initially, charge on the capacitor, 
qyaCVswv=q 
This charge will remain constant after switch is shifted 
from position 1 to position 2. 
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1g 
2C, 
gl? 
2C, 2x10 «20 


Energy dissipated =U, - Uy 


2 
‘This energy dissipated (+) is 80% of the initial stored 


f 
ceigy (-<} 


COMMON POTENTIAL 


When two capacitors of cifferent potentials are connected 
by a conducting wire, then charge flows from capacitor at 
higher potential to the capacitor at lower potential. This 
flow of charge continues till their potentials become equal, 
this equal potential is called common potential. 


CM +C,V, 


f Common potential, V = 
C, +, 


where, C, and C, are capacities of two capacitors charged to 
potentials V,and V,, respectively. 


Total charge 
ie. Common potential = B 


Total capacitance 
CV, +C,V, =CV+C,V 
or CV, - CV = CV -CyVy 
ie. Charge lost by one capacitor 
= Charge gained by the other capacitor 
Nore This is not true for potential, i.e. potential lost by one is not 


equal to potential gained by the other, as their capacities are 
different 


Loss of Energy in Sharing Charges 
When two charged capacitors are connected to each other, 
they share charges, till they acquire a common potential. 
On sharing charges, there is always some loss of energy. 
However, total charge of the system remains conserved. 
Consider nwo capacitors having capacitances C),C, and 
potentials V,, V3, respectively. 


Then before the two capacitors are connected together, the 
toral energy stored in the two capacitors, 


1 r 
U=U,+U, =tan +yeNe wi) 
When the wo capacitors are connected together, total 


charge on the capacitor, 
9= 4 492 =O + CMe 
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Total capacitance of the two capacitors, 
C=C, +C, 
Therefore, total energy of the two capacitors, after they are 
connected. 
Lg LCM 4C,Va) wwii) 
2C 2 (C,+C,) 
Subtracting Eq. (ii) from Eq. (i), we get 


1 (CM +OQV2)" 


U-u'= (ban? steve) 
2 2 2 (C,+Cy) 


C2V7+C,CV,2 + C\C,V,2+ ¢,?V,? 
=(CV, +02)? 


2(C, +C,) 
= CCAVE + V2" = 24,V5) 
AC, +C;) 
(i CCW, -V,)?) 
2 |aps GU | is, positive quantity. 


AC, +C,)_ 


Since, U —U’ is positive, there is always a loss of energy, 
when two charged capacitors are connected together in the 
form of heat radiation due to electric current while 


charging. 


EXAMPLE |16| 4600 pF capacitor is charged by a 200V 
supply. It is then disconnected from the supply and is 
connected to another uncharged 600 pF capacitor. How 
much electrostatic energy is lost in this process? NCERT 
Sol. Given, C, =C, = 600pF = 600x10""F 
= 6x10 °F 
V, = 200V, ¥, =0 
EiCa(Vi = Ve)" 
AC, +C;) 

_ (6«10-°)*(200—0)? 
" ax12x107” 


| TOPIC PRACTICE 2| 


OBJECTIVE Type Questions 


1. The maximum electric field that a dielectric 
medium of a capacitor can withstand without 
break down (ofits insulating property) is called 
its 
(a) polarisation 
(b) capacitance 
(©) dielectric strength 
(d) None of the above 


«. Energy lost = 


=6x10°J 


2. 


= 
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Aparallel-plate capacitor has circular plates of 
radius 8 cm and plate separation | mm. What 
will be the charge on the plates if a potential 
difference of 100 V is applied? 

(a) 1.78% 10% © (b) 1.78% 10% C 

(c) 4.3% 10°C (d) 2x 10° C 


A parallel plate air capacitor has a capacitance 
18 UP. If the distance between the plates is tripled 
and a dielectric medium is introduced, the 
capacitance becomes 72 p)F. The dielectric 
constant of the medium is 

(a) 4 (b) 9 

(c) 12 (d) 2 

Aparallel plate capacitor is made of two 
dielectric blocks in series. One of the blocks has 
thickness d, and dielectric constant K, and the 
other has thickness d, and dielectric constant 
K, as shown in figure. This arrangement can be 
thought as a dielectric slab of thickness 

d(=d, +d,) and effective dielectric constant K. 
The K is” 


The capacitance of a spherical conductor is 1)th 
Its radius is 

(a) 111m (b) 10m 

(c)9km (d) Ltcm 

A capacitor of 41F is connected as shown in the 


circuit. The internal resistance of the battery is 
0.59. The amount of charge on the capacitor 


plates will be NCERT Exemplar 
4 iF 102 
Kw 
25V 
WY] 
22 
(a) 0 (b) 4c 


(c) 160C (d)8uc 


flectrostatic Potential'and Capacitance 


7. 


8. 


10. 


12 1 
FF (b)= pF =F 
(a)4 pe ( Ns " Ch uF 


Capacitance between points A anid Bis 
QF ne 


—it—§ 


A 3yF a 


7 
!) — WF 
aoe 


In the figure, the equivalent capacitance 
between points A and Bis 


(a)4 pF (b) 2.5 pF 
(c)2 WE (d) 0.25 WF 
The graph shows the v4 


variation of voltage V across 
the plates of two capacitors Ya 
Aand B versus increase of 
charge Q stored in them. 
Which of the capacitors has 
higher capacitance? 


sd 


(a) Capacitor A 
(c) Both (a) and (b) 


(b) Capacitor B 
(a) None of these 


A900 pF capacitor is charged by 100 V battery 


in the figure. How much electrostatic energy is 
stored by the capacitor? 


+0 
+ 


(a) 45x 10 J 
(©) 45x 107 J 


(b) 45x 10° J 
(d) 0.45% 10° J 


VERY SHORT ANSWER Type Questions 


M1. 


12, 


Distinguish between a dielectric and a 


conductor. Delhi 2012 


Define the dielectric constant of a medium. 
What is its unit? Delhi 2011 


13. 


14. 


15. 


16. 


17. 


18, 


24, 
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The given graph shows the 4 5 
variation of charge q versus % 
potential difference V for two 

capacitors C, and C,. Both the 

capacitors have same plate 

separation but plate area of C, v 

is greater than that C,. Which line (A or B) 
corresponds to C, and why? All India 2014 


If the difference between the radii of the two 
spheres of a spherical conductor is increased, 
state whether the capacitance will increase or 
decrease. 


A metal plate is introduced between the plates 
of a charged parallel plate capacitor. What is its 
effect on the capacitance of the capacitor? 
Foreign 2009 
Aspherical shell of radius 6 with charge Qis 
expanded to a radius a. Find the work done by 
the electrical forces in the process. 
Distinguish between polar and non-polar 
dielectrics. All India 2010 C 
Asensitive instrument is to be shifted from the 


strong electrostatic field in its environment. 
Suggest a possible way. 


The safest way to protect yourself from 
lightning is to be inside a car. Comment. 
Delhi 2009 
Can the potential function have a 
maximum or minimum in free space? 
NCERT Exemplar 


Why does the electric conductivity of the 
earth's atmosphere increase with altitude? 


SHORT ANSWER Type Questions 


22, 


23. 


Acapacitor has some dielectric between its 
plates and the capacitor is connected toa DC 
source. The battery is now disconnected and 
then the dielectric is removed. 

State whether the capacitance, the energy 
stored in it, electric field, charge stored and the 
voltage will increase, decrease or remain 
constant. All India 2013 


Aslab of material of dielectric constant K has 
the same area as that of the plates of a parallel 
plate capacitor, but has the thickness d/2, where 
dis the separation between the plates. 
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Find out the expression for its capacitance when 
the slab is inserted between the plates of the 
capacitor, 


24. ‘Two identical parallel plate Ci 
(air) capacitors C, and C, Yy 
have capacitance C each. 

The space between their} 
plates is now filled with 
dielectrics as shown in the 
figure. If the two capacitors 
still have equal 

capacitance, then obtain the relation between 
dielectric constants K, K, and K>. 


ka 


25. Figure shows a sheet of aluminium 
foil of negligible thickness placed 
between the plates of a capacitor. 
How will its capacitance be affected, —— 
if 

(i) the foil is electrically insulated? 


(ii) the foil is connected to the upper plate with a 


conducting wire? Foreign 2011 
26. You are given an air filled of2 
parallel plate capacitor C,. c ARNG 
The space between its 
plates is now filled with 
Ky AK 


slabs of dielectric 
constants K, and K, as 
shown in figure. Find the _ GN 
capacitance of the eas ees 
capacitor C; if area of the 

plates is A and distance between the plates is d. 


Foreign 2011 


27. Aparallel plate capacitor of capacitance Cis 
charged to a potential V. It is then connected to 
another uncharged capacitor having the same 
capacitance. Find out the ratio of the energy 
stored in the combined system to that stored 
initially in the single capacitor. 


28. Aparallel plate capacitor, each of plate area A and 


separation d between the two plates, is charged 


with charges +Q and —-Q on the two plates. Deduce 


the expression for the energy stored in capacitor. 


Foreign 2013 


29. Two parallel plate capacitors of capacitances C, 
and C, such that C, = 2C, are connected across a 
battery of V volt as shown in the figure. Initially, 
the key (4) is kept closed to fully charge the 
capacitors. The key is now thrown open and a 
dielectric slab of dielectric constant X is inserted 


Delhi 2013 


Foreign 2011 


All India 2014 
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in the two capacitors to completely fill the 

gap between the plates. Find the ratio of 

(i) the net capacitance and 

(ii) the energies stored in the combination 
before and after the introduction of the 
dielectric slab. Delhi 2014¢ 


i 
— Ter ij 2 


30. Deduce the expression for the electrostatic 

energy stored in a capacitor of capacitanceC 

and having charge Q- 

How will the 

(i) energy stored and 

(ii) the electric field inside the capacitor be 
affected when it is completely filled with a 
dielectric material of dielectric constant 
K? All India 2012 


31. Guess a possible reason, why water has a 
much greater dielectric constant (= 80) than 
mica (= 6)? 


32. A2m insulating slab with a large 
aluminium sheet of areal m? on its top is 
fixed by a man outside his house one 
evening. Will he get an electric shock, if he 
touches the metal sheet next morning? 


33. A technician has only two capacitors. By 
using them in series or in parallel, he is able 
to obtain the capacitance of 4, 5, 20 and 25uF. 
What is the capacitance of both capacitors? 


LONG ANSWER Type I Questions 


34, (i) How is the electric field due to a charged 
parallel plate capacitor affected when a 
dielectric slab is inserted between the 
plates fully occupying the intervening 
region? 

(ii) A slab of material of dielectric constant K 
has the same area as the plates ofa 
parallel plate capacitor but has thickness 


34 where d is the separation between the 
plates. Find the expression for the 


capacitance when the slab is inserted 
between the plates. Foreign 2010 


Electrostatic Potential and Capacitance 


35. 


37. 


38. 


39. 


‘Two charged conducti 
bare connected to eac} 
the ratio of electric fie! 


why charge density 
ends of a conductor 
portions? NCERT 
al differences that 
parallel and series 


Find the ratio of the potenti: 
must be applied across the 
combination of two capacitors C, and C, with 
their capacitances in the ratio 1: 2, so that the 
energy stored in these two cases becomes the 


same. All India 2016 


(i) Obtain the expression for the energy stored 
per unit volume in a charged parallel plate 
capacitor, 

Gi) The electric field inside a parallel plate 
capacitor is E. Find the amount of work done 
in moving a charge q over a closed 


rectangular loop abeda, Delhi 2014 


Aparallel plate capacitor of capacitance C is 
charged to a potential V by a battery. Without 
disconnecting the battery, the distance between 


the plates is tripled and a dielectric medium of 
K =10is introduced between the plates of the 


capacitor. Explain giving reasons, how will the 
following be affected All India 2017 


(i) capacitance of the capacitor 
) charge on the capacitor and 
(iii) energy density of the capacitor? 


Two identical parallel plate JS 
capacitors A and B are 
connected to a battery of et 
V volts with the switch S is ] 
closed. The switch is now 
opened and the free space between the plates of 
the capacitors is filled with a dielectric of dielectric 
constant K. Find the ratio of the total electrostatic 
energy stored in both capacitors before and after 
the introduction of the dielectric. 


All India 2017 


(i) Derive the expression for the capacitance of 
a parallel plate capacitor having plate area A 
and plate separation d. ' 

(ii) Two charged spherical conductors of radii 
R, and R, when connected by a conducting 
plate respectively. Find the ratio of th 
surface charge densities in terms of their 
Tadii. Delhi 2014 


AL. 
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Show that the force on each plate of a par allel 
plate capacitor has a magnitude equal to 1/2QE, 
where Q is the charge on the capacitor and E is 
the magnitude of clectric field between the 
plates. Explain the origin of the factor 1/2, NCERT 


LONG ANSWER Type II Questions 


42. 


43. 


44, 


(i) Explain, using suitable diagram, the 
difference in the behaviour of a 
(a) conductor and 
(b) dielectric in the presence of external 


electric field. Define the terms 
polarisation of a dielectric and write its 
relation with susceptibility. 
(ii) A thin metallic spherical A 

shell of radius R carries a 9 

charge Q on its surface. A Jp 

point charge Q/2 is placed at Q 

its centre C and an another ‘ 

charge +2Q is placed : 
outside the shell at a distance x from the 
centre as shown in figure. Find (a) the force 
on the charge at the centre of the shell and at 
point A, (b) the electric flux through the shell. 
All India 2015, 


(i) If two similar large plates, each of area A 
having surface charge densities +c and—c are 
separated by a distance d in air, find the 
expression for 
(a) field at points between the two plates and 
on outer side of the plates. Specify the 
direction of the field in each case. 

(b) the potential difference between the 
plates. 

(c) the capacitance of the capacitor so formed. 

(ii) Two metallic spheres of radii R and 2R are 
charged, so that both of these have same 
surface charge density o. If they are 
connected to each other with a conducting 
wire, in which direction will the charge flow 
and why? All India 2016 


(i) Derive the expression for the energy stored 
in parallel plate capacitor. Hence, obtain the 
expression for the energy density of the 
electric field. 

(ii) A fully charged parallel plate capa 
connected across an uncharged identical 
capacitor. Show that the energy stored in the 
combination is less than stored initially in 
the single capacitor. Delhi 2015 
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NUMERICAL PROBLEMS 


45. Acapacitor of unknown capacitance is 


47. 


48. 


connected across a battery of V volt. The charge 

stored in it is 3601C . When potential across the 

capacitor is reduced by 120 V, the charge stored 

in it becomes 120 1c. 

(i) Calculate the potential V and the unknown 
capacitance C. 

(ii) What will be the charge stored in the 
capacitor, if the voltage applied had 
increased by 120 V? Delhi 2013 


In the circuit shown below, initially K, is closed 
and K, is opened, what are the charges on each 
of the capacitors? Then, K, was opened and K, 
was closed (order is important), what will be the 
charge on each capacitor now? 
[Given, C =1,F] 

C,=6C Ky 


NCERT Exemplar 
Ke 


2-30], -s¢] 


Aspherical capacitor has an inner sphere of 
radius 12 cm and an outer sphere of radius 

13 cm. The outer sphere is earthed and the inner 
sphere is given a charge of 2.5C. The space 
between the concentric spheres is filled with a 
liquid of dielectric constant 32. 

(i) Determine the capacitance of the capacitor. 
(ii) What is the potential of the inner sphere? 
Compare the capacitance of this capacitor 
with that of an isolated sphere of radius 
12 cm. Explain, why the later is much 


smaller. NCERT 


Figure shows two 


identical capacitors $ 
C, and C;, each of 


2uF capacitance, = pk? WF 
connected toa pe tet 
battery of 5 V. 


Initially switch S is closed. After sometime, S is 
left open and dielectric slabs of dielectric 
constant K = Sare inserted to fill completely the 
space between the plates of the two capacitors. 
How will the (i) charge and (ii) potential 
difference between the plates of the capacitors 
be affected after the slabs are inserted? 

Delhi 2011 


49. 


50. 


St. 


52. 
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Ancetwork of four capacitors each of 12 uF 
capacitance is connected to a SOOV supply as 


shown in the figure. 
Ce 


ade ots = dey 
ce 


Determine 
(i) the equivalent capacitance of the network ang 


(ii) the charge on each capacitor. 
All India 2012, 2019 


Net capacitance of three identical capacitors in 
series is 11F. What will be their net capacitance, i 
connected in parallel? 

Find the ratio of energy stored in these two 
configurations, if they are both connected to 
the same source. All India 2011 


Calculate the potential difference and the 
energy stored in the capacitor C, in the circuit 
shown in the figure. Given, potential at Ais 90V, 


C\=20pF, C, = 30 UF, Cy= 15 uF. Delhi 2015 
a—-—{F 4 
Gy a. oS 


A12 pF capacitor is connected to a 50 V battery. 
How much electrostatic energy is stored in the 
capacitor? If another capacitor of 6 pF is 
connected in series with it with the same 
battery connected across the combination, find 
the charge stored and potential difference 
across each capacitor, Delhi 2017 


Two parallel plate capacitors X and Y have the 
same area of plates and same separation 
between them, X has air between the plates 
while Y contains a dielectric medium of ¢, =4 


(i) Calculate the capacitance of each capacitoh 
if equivalent capacitance of the combinatio™ 
. is 4uP, 
(ii) Calculate the potential difference betwee" 
the plates of X andY. 
(iii) Estimate the ratio of electrostatic eneté! 
stored in X andy. Deihi20!6 


Electrostatic Potential and Capacitance 


54. Two capacitors of unknown capacitances 
and C, are connected fi 
parallel across a batter 
stored in the two combi 
0.25 J respectively, then determine the v: 
C, and C,, Also, calculate the charge on each 


C 


rst in series and then in 
y of 100 V. Ifthe energy 
inations is 0.045 J and 


alue of 


capacitor in parallel combination. All India 2015 


55. 


energy stored in the 6 uF capacitor is E. 
Find the value of the following 


(i) energy stored in 12u F capacitor. 
(ii) energy stored in 3p F capacitor. 
(iii) total energy drawn from the battery. 


Sy 


6 uF 


1f-— 


3uF 


72 uF 
56. 


Acapacitor of 200 pF is charged by a 300 V 


battery. The battery is then disconnected and 


In the following arrangement of capacitors, the 


Foreign 2016 


the charged capacitor is connected to another 


uncharged capacitor of 100 pF. Calculate the 
difference between the final energy stored in 
the combined system and the initial energy 

stored in the single capacitor. 


HINTS AND SOLUTIONS | 


Foreign 2012 


1. (c) The maximum electric field that a dielectric medium 


can withstand without break down (of its insulating 
property) is called its dielectric strength; for air itis 
about 3x 10° Vm". 


" x 3.14 x 0.08% 0.08 
2 (ac = £04 _ 8.85% 10 HSIAK 
d 1% 10 
8.85% 107" x 3.14 08x .08x 100 V 
g=cy =5ex eS 
1x10 ) 
=1.78x 10% C 
EA 
3 (c= =i 
Ke,A 
C=—* = 72 5 
3d 
On dividing Eq. (ii) by Eq. (i), we get 
K Boa 
3 18 


+ Dielectric constant, K =12 


wi) 


sti) 
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A. (c) The capacitance of parallel plate capacitor filled with 


dielectric block has thickness d, and dielectric constant 
K, is given by 

K,£0A 

ans 

Similarly, capacitance of parallel plate capacitor filled 
with dielectric block has thickness d, and dielectric 
constant K, is given by 


c, = Kato 
eal Fame 
Since, the two capacitors are in series combination, the 
equivalent capacitance is given by 


Kye Kyte 

dd, __K,Ky€,A 
(tod, Kite Kid, + Kad, 
qd, da, 

But the equivalent capacitances is given by 


(i) 


cu tod 
d,+d, 
On comparing, we have, K = KaKa(di + da) 
Kid, + Kd, 


. (c) Capacitance of spherical conductor, C= 48, -R 


«. Radius of conductor, R = c = C=1pF=1x10° F 
ANE, 


i 


and =9x10° N-m/C? 
ATE, 

R=1x10° xX 9X10" 

> R=9x10'm =9km 


. (a) Current flows through 2@ resistance from left to 


right, is given by 
[ees 
R+r 2405 
The potential difference across 2Q resistance 
V=IR=1X2=2V 
Since, capacitor is in parallel with 2Q resistance, so it 
also has 2V potential difference across it. 
‘The charge on capacitor 
q =CV =(4plF) x 2V =8ptC 


1A 


Note Tho potential difference across 2.9 resistance solely occurs 
across capacitor as no potential drop occurs across 109 resistance. 


7. (a) Two capacitors of 2\\F capacitance are connected in 


series order, 
Their equivalent capacitance, 


100 


10. 


12. 


* Cs =1pF 


Now, Cy =1pF and 3 WF capaci 
acl i 
istarter ‘itors are connected in 


A— 


Cap =Csy + Cy =14+3=4 UF 


11 
Cy pF 
yr 
4 he 8 
t 
GG 
Cay Aue 
th 


According to the circuit, C, and C, are in series, 
1 1 1 

se + + 

CC, oF 1 

Now, C, C; and C,are in parallel order. 
Cc 


i 
=2 = C==pF 
gt 


1 
‘equivalent =C+C3 4+ => +141 = 25F 


. (a) From the given graphs, find the voltages, Vy and Vp, 


on capacitors A and B corresponding to charge Q on 
each of the capacitors. Clearly, 


Q Q 
V,=— and Vy, =~ 
A Cy al B Cy 
Vp QICn _ Ca 


Since, Vy > Vas Ca > Cp ice, the capacitor A has the 
higher capacitance. 


(c) The charge on the capacitor is 
gq = CV =900 x10"? Fx100 V=9x10°C 


The energy stored by the capacitor is 
= (1/2) CV? = (1/2) qV 
= 1/2% 9x 10%Cx 100 V= 4.5 x 10° J 


Dielectrics are non-conductors and do not have free 
electrons at all. While conductor has free electrons 
which makes it able to pass the electricity through it, 


When a dielectric slab is introduced between the plates 
of charged capacitor or in the region of electric field, an 
electric field E, induces inside the dielectric due to 
induced charge on dielectric in a direction opposite to 
the direction of applied external electric field, Hence, 
net electric field inside the dielectric get reduced to 

E, ~ E,, where Ep is external electric field, 


13, 


14. 


15. 


16. 


18. 


19. 


20. 


21, 


22, 
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‘The ratio of applied external electric field and reduceg 
electric field is known as dielectric constant K of 
dielectric medium, 


— Fo _ and it is a dimensionless quantity. 


: oa Ey 
Line B corresponds to C, because slope (4 /V) of Bis ly 


than:slope of A. 


ie K= 


Vv 
Ane Kin 


Capacitance of a spherical capacitor, C = 
nnn 


If — rm is increased, C decreases. 


Ifa metal plate is introduced between the plates of a 
charged parallel plate capacitor, then capacitance of 
parallel plate capacitor will become infinite. 


Work done by electrical forces in the process 

= Final stored energy - Initial stored energy 

OF itis 2-H (i-4) 
b 


2C, A4mesa) 2" (Amey) Smge, a 


. Polar dielectrics 


A polar dielectric has permanent electric dipole momest 
(p) in absence of electric field. 
Non-polar dielectrics 


A non-polar dielectric having zero dipole moment in it 
normal state. 


For this, the instrument must be enclosed fully ina 


metallic cover. This will provide an electrostatic 
shielding to the instrument. 


The body of the car is metallic, It provides electrostati¢ 
shielding to the person in the car, because electric field 
inside the car is zero, The discharging due to lightning 
Passes to the ground through the metallic body of the 

No, the absence of atmos 
Prevents the phenome! 
potential leakage 
have a maximum 


phere around conductor 
non of electric discharge ot 
and hence, potential function do not 
or minimum in free space 
This i ioni aes ji 
pete eae of Uonisation caused by highly energel® 
y particles from co vhi itting 
atmosphere ote fom Cosme, which are hitting 
The capacitance of t 
with dielectric medi 
_ Key 
at 


he parallel plate capacitor, filled 
tum of dielectric constant K is giv” 


Electrostatic Potential and Capacitance 


” Now, 


24, 


The capacitance of the parallel plate capacitor decreases 


with the removal of dielectric medium as for ait or 
vacuum K = 1. After disconnection from battery, charge 
stored will remain the same due to conservation of 
charge. The energy stored in an isolated charge 


ior 
capacitor = —, 
7 2c 


As qis constant, energy stored «1/C, C decrease with 
the removal of dielectric medium, therefore energy 
Stored increases. Since, q is constant and V = q/CandC 
decreases which in turn increases V and therefore E 
increases E = V /d. 

Initially, when there is a vacuum between two plates, 
the capacitance ofthe plate is Cy =£24 A where Ais the 


area of parallel plates. 


Suppose that the capacitor is connected to a battery, an 
electric field E, is produced. Now, if we insert the 
dielectric slab of thickness t=<d/2, the electric field 
reduces to E. i 

Now, the gap between plates is divided in two parts, for 
distance 1, there is electric field E and for the remaining 
distance (d— 1) the electric field is E,. 

If Vbe the potential difference between the plates of the 
capacitor, then V=Et+E,(d —t) 


After inserting the dielectric medium, let' their 
capacitances become Cj and C3. 
ForC, Cy =KC wali) 


ForC, Cj= Kato(Al2) , Koea(Alt) 


C; acts as if two capacitors each of area A/2 and 
separation d are connected in parallel combination 


“oA 4,4) 
eG (4 2 


cy -c(St% = ) [: Ce 
2 
According to the problem, C; 
= KC=C (£25) 
2 


K, +k, 
2 


(li) 
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25, (i) The system will be equivalent to two identical 


capacitors connected in series combination in let 
two plates of cach capacitor have separation half of 


the original separation. ‘ 
‘Thus, new capacitance of each capacitor ; 
fs Can 
(oes) [ 4) 
* Cand C’ are in series. 
2C x 20 
mt" 2C + 2C 
Cot =C [original capacitor] 
(ii) System reduces to a capacitor whose separation 


reduces to half of original one. : 
. New capacitance, C’ = 2C 


=> 


26. After introducing the dielectric medium of dielectric 


constants K, and K,, capacitor acts as if it consists of 
two capacitors, each having plates of area A and 


separation — connected in series combination for 
2 


=i) 
= 
1 1 1 1 
= scream A EL ee 
Gs (#4) 2K, 2K, 
d 
me A (K,+K, 
C, 2, \K, K, 
= c=, | 2X Ke 
K,+K, 


The capacitors will be in series. 


27. Let qbe the charge on the charged capacitor. 


++ Energy stored in itis given by U = 7 
When another uncharged similar capacitor is connected, 
then the net capacitance of the system is given by 

Cc’ = 2c 
The charge on the system remains constant, So, the 
energy stored in the system is given by 


+ 1 q" ’ 

reed Cis 

2 4g t 2c} 
1 gt 
Thus thiexequired xatio te giventby Mog fC 2 
Ui giz 2 
28. Refer to text on page 92 

29. (i) Given, C= 2, a) 


Net capacitance before filling the gap with dielectric 
slab is given by 
Crnsiat = Cr + Cx [from Eq. (i)] 
Cat =2Cz + Cy = 3C3 ii) 
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Net capacitance after filling the gap with dielectric slab 
of electric constant K 


Cynaua =KC, + KCy =K(C, +Cy) [from Eq. (i) 
Coat =3KC; w(lil) 
Ratio of net capacitance is given by 
Sons = 92 = b [from Eqs. (ti) and (ii) 
Cima SKC, OK 
(ii) Energy stored in the combination before introducing. 
the dielectric slab, : 

Veioa = div) 


Energy stored in the combination after introducing the 
dielectric slab, ' 


= ws (W) 
fmt SKC; ' 
Ratio of energies stored 
Uniniat 


SE“ jger Bad Wynd Go) 
Useat 12 
30. (i) Refer to text on page 92. 
(ii) Refer to text on pages 88 and 92. 
31. Dielectric constant of water is much greater than that of 
mica because of the following reasons 


(i) water molecules have a symmetrical shape as 
compared to mica 


(i) water molecules have permanent dipole moment. 

32. Yes, the man will get an electric shock, if he touches the 
metal slab next morning because the steady discharging 
current in the atmosphere charges up the aluminium 
sheet. As a result, its voltage rises Sradually, The rise in 
voltage depends on the capacitance of the capacitor 
formed by aluminium slab and ground, 

33. Let the two capacitors be C, and C;, capacitance will be 
maximum when connected in parallel, 


ie. C,+C, = 25 
Capacitance will be minimum when connected in series, 
ie. GG: oy 

C+e, 


Since, we are left with only two values 5 UF and 20 HF, 
So, the value of capacitances will be UF and 20, 
34. (i) Refer to text on Page 88. 


(ii) The thickness of dielectric slab is ie Le, 
2 
d 


taf 
2 
The capacitance of a capacitor due to dielectric slab is 


C=—foA 
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85.. As the two conducting spheres are connected to each 


36. 


ire, the charge always flows from higher 
ae al taleyer potential till both have same 


potential. 


Capacitance of sphere (1), C, = 
Capacitance of sphere (2), C) = 4m€,b 


Then, Charge Q, on C,, Q, =C\V by 
d Charge Q, on C,, Q, =C,V i 
here) V is the same potential on both the spheres. 
7 QoS from Eqs. (i) and ay 
: 2 C, 
Putting the values of C, and C,, we get 
Q _4nea_a@ Qa on 
Q, 4megb b Q: 
Charge, 
i here (1),, = —— LQ 
Charge density on sphere (1),6, Surface area” and? 


Charge density on sphere (2),6, = 2 


5 FO 7 
Si le 2 from Eq, (i 
a, a 0, [i q. (iil) 
or Sn% fi) 
oO, a 
The ratio of electric field on both spheres. 
E,_o, 6 : 
as [from Eq. Gv] 
fs. charge density is inversely proportional to radius. 


: latter portions, the radius is more and at 
Pointed ends, radius is less, so the charge density is 
more at pointed or sharp ends. 
Total energy stored in st 
Capacitors is equal to th 
individual capacito: 
Stored in the capaci 


eries or parallel combination of 
sum of energies stored in 


rs. In parallel combination, energy 
itor 


1 
= oC + seve of) 


In si Secauk 
Sriss combination, energy stored in the capacitor 


alti 2 


Vv; 
2(C,+¢c,)? 
he question, 


According totl 


same 50, energy in both the cases iS 


1 1 
(bo +30) vin Gc, 


Electrostatic Potential 


37. 


38. 


39. 


and Capacitance 


But Got 
C; 2 
= C, = 2C, 
So. a = VO x 2C, 
A C, + 2¢, 
(i) Refer to text on page 92, 


(ii) Pe to conservative nature of electric force, the work 
lone in moving a charge in a close path i ife 
electric field is zero. eee 
On introducing the dielectric slab to fill the gap between 
plates of capacitor completely when capacitor is 
connected with battery. 
(i) The capacitance of capacitor becomes K times of 
original capacitor. 
C’=KC=10C 
(ii) The potential difference V between capacitors is same 
due to connectivity with battery and hence, charge q’ 
becomes K times of original charge as 
gq’ =C'V’ =(KC)(V) = K(CV) 
= Kq=10CV 
(iii) Refer to text on page 92. 
The given figure is shown below. 


When switch S is closed, the potential difference across 
capacitors A and Bare same 


; 94 2 
ie. aair ra 


Initial charges on capacitors 

Q,=05=CV 
When the dielectric is introduced, the new capacitance 
of either capacitor 

C’=KC 
As switch S is opened, the potential difference across 
capacitor A remains same (V volts). 
Let potential difference across capacitor B be Vv’, When 
dielectric is introduced with switch S open (i.e. battery 
disconnected), the charges on capacitor B remains 
unchanged, so 

Q,=CV=C'V’ 


c,_¥ 
*= —V=—volt 
v Veo K 


Initial energy of both capacitors 
u, =iev? +4cevi=cv? 
2 2 


Final energy of both capacitors 
1 2ylarye 
=-C'V? +-C'V 
U; a A 
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: 24d Key (¥) 
==(KC)V led 


2 
=-cVv? x4 
2 K. 


toy: (Kitt 
2 


1 
1 


K 

U, cv? 2K 
ower pone 

Ur 1 cv? (Kitt) KP 

2 
40. (i) Refer to text on page 87. 
qo 21 =, 
o, RK 

Here, we can use the concept that the work done in 
displacing the plates against the force is equal to the 
increase in energy of the capacitor. 

Al. Let the distance between the plates be increased by a 
very small distance Ax. The force on each plate is F. The 
amount of work done in increasing the separation by 
Ax, ie. 

ax 
r Bx 
W=F- 0) 
Increase in volume of capacitor 
rea of plates x Increased distance 
=A-Ax 
= Energy density = SEs 
Volume 
Increase in energy =u X volume =u+ A- Ax 
As, ener work done (W) 
= FeAxsusA-Ax [from Eqs. (i) and (ii)} 
=> F=awaA 
.cV= o| 
42. (i)(a) When a capacitor is placed in an external electric 


field, the free charges present inside the conductor 
redistribute themselves in such a manner that the 
electric ficld due to induced charges opposes the 
external field within the conductor. This happens 
until a static situation is achieved, i.e. when the 
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0) 


two fields cancel each other and the net 
electrostatic field in the conductor becomes zero. 


Conductor 
In contrast to 
non-conducting substances, ie, they have no 


conductors, dielectrics are 
charge carriers. Thus, in a dielectric, free 
movement of charges in not possible. It turns out 
that the external field induces dipole moment by 
stretching molecules of the dielectric. The 
collective effect of all the molecular dipole 
moments is the net charge on the surface of the 
dielectric which produces a field that opposes the 
external field. However, the opposing field is so 
induced, that does not exactly cancel the external 
field. It only reduces it. The extent of the effect 
depends on the nature of dielectric. 


— hs 


Dielectric 


Both polar and non-polar dielectrics develop net 
dipole moment in the presence of an external field. 
The dipole moment per unit volume is called 
polarisation and is denoted by P for linear isotropic 
dielectrics. 


P=xE 


where, 7, is constant of proportionality and is called 
electric susceptibility of the electric slab. 


(ii) (a) At point C, inside the shell, electric field inside a 


spherical shell is zero, 

Thus, the force experienced by charge at centre C 

will also be zero, 

+ Fe = QE (Ejnsiae the shell = 0) 
0 


L Fe 
1 3Q/2 
int A,|F,|=20[ 1322 
At point A, |F,4| | al 
2 
F = 22 _ away from shell, 


ANE x 


(b) Electric flux through the shell, 


x magnitude of charge enclosed by shell 


2_2 


=x oe 


& 2 2€y 


43. (i) According to the question, 


(a) Electric field due to a plate of positive charge at 


point 
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6 


2e 
Electric field due to other 


late = = 
Pte ee 


since, they have same 4 I, 
direction, so peer: 
os o 
Eng =e tee 


mt 2 28 Eo 


Outside the plate, electric field will be 29), 

because of opposite direction. 

Potential difference between the plates is given 

od 

V=Ed=— 

by = 

(c) Capacitance of the capacitor is given by 

_ A 

d 


(b) 


VE= 


(ii) According to question, 


© 


Potential at the surface of radius R, 


vak4 [eq=ox4h] 
R 
= ae = OkanR = 4konR 
Potential at the surface of radius 2R, 
ke 


Since, the potential of bigger sphere is more. $0 


charge will flow from sphere of radius 28 to sphere 0! 
radius R. 


44. (i) Refer to text on Page 92, 


Gi) Initially, if we consider a charged capacitor, thea i 


charge would be 
Q=cv 


a-———||-—_-5 


c 
and energy stored, U, = Loy? a) 
Then, this ch H é 
) this charged 1 s éd 
uncharged tdpacitoe capacitor is connect 


Let {We common potential be V,. The charge £0 
Has ‘st capacitor to the other capacitor unless 
‘apacitors attain common potential 


Electrostatic Potential and Capacitance 


45. 


46. 


Cy, 
-— 


C.Vy 


Q =CV, and Q= cv, 
Applying conservation of charge, Q = Q, +, 
= CV =cv, +cV, 
> Veyty =.= 


Total energy stored, U, = Lev? +1 cy? 
2 2 


-16(vY avy 1 nye 
Z ie(2) +e(4) = u,= lov? ti) 
From Eqs. (i) and (ii), we get 
U, <u, 


Hence, energy stored in the combination is less than 
that stored initially in single capacitor. 


(i) We have initial voltage, V, 
and charge stored, Q, 


sufi) 
ei Q,=CV, fii) 
By dividing Eq. (ii) from Eq. (i), we get 

Bi gC seb. 


Q, CV, 120 


=2uF 
Hence, the potential, V=180 V and unknown 
capacitance is 2pF, 
(ii) If the voltage applied had increased by 120 V, then 
V, = 180 +120 = 300 V 
Hence, charge stored in the capacitor, 
Q, = CV, = 2x10 x 300 = 600"C 


In the circuit, when initially K, is closed and K, is 
opened, the capacitor C, and C, acquire potential 
difference V, and V;, respectively. So, we have 
Vi+¥,=E 
and : V,+¥,=9V 
Also, in series combination, V <1/C 
Vy eV, =1/6:1/3 


On solving, 
= V, =3V and ¥; =6V 
‘ 0, =C,V, =6NC x3V 
=18yC [-C =1pF] 


= QO, =C,V, =3yC x 6V =18)1C 
and Q,=0 
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When K, was opened and K, was closed, the parallel 
combination of C, and C, in series with Cy. 

[Charge on C, remains unchanged] 

ie. Of = Q, =18 nC 

Charge on C, is shared between C; and C, in parallel. 
As, C=C; 


Q) = Q, == 


(-Q, =18 HC) 


AT. Radius of inner sphere, j, =12¢m 


Radius of outer sphere, r, = 13m 
and charge on inner sphere, q= 2.5 1C 
The dielectric constant, K =32 


Z\ 


(i) Capacitance of a spherical capacitor, 
catMeoKin 1 32x12x13x107* 
R—" 9x10? (13-12) x10 
=55x 10°F 
(ii) Electric potential of inner sphere, 
= 45x 10°V 
Capacitance of an isolated sphere of radius, r = 12cm 


C=4neyr = * 12x 1077 


10" 
= 133x107" FE 

The capacitance of an isolated sphere is much smaller 

as compared to the spherical capacitor because the 

outer sphere is earthed, The potential difference 

decreases and hence the capacitance increases. 


48. Two identical capacitors C, and C, get fully charged 


with 5 V battery initially. 


So, the charge and potential difference on both 
capacitors becomes 


q=cVv 
=2x10° x5V=10nC 
and V=sv 


On introduction of dielectric medium of K = 5. 
For C, (Continue to be connected with battery) 
Potential difference of C,, V’=5 V 
Capacitance, C/ = KC =5x 2=10F 
Charge, g’ = C/V’ =10x5 = 501C 
For C, (Disconnected from battery) 

Charge, 9’ = 


« Potential difference, V’ = 
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49. 


50. 


51 


i) Hi ee 
(i) Here, C,,C, and Cy are in series, therefore, their 
equivalent capacitance 


ie | 
Che Cy 
= oaks 
3 
Now, C’ and C are in parallel combination. 
Con = C+ 


¥ =4yF +12pF =16uF ‘ 
(ii) Being C’ and C are in parallel, 500 V potential 
difference is applied across them. 
-. Charge on C’ , 
q, =C’V =(4 pF) x 500 = 2000nC 
2. Cy, C, and Cy capacitors each will have 2000 uC 
charge. 
-- Charge on Cy, qo 
= 6000 wc 
If nidentical capacitors, each of capacitance C are 
connected in series combination givé equivalent 


capacitance, C, = © and when connected in parallel 
n 


combination, then equivalent capacitance, C, = nC- 
‘Also, for same voltage, energy stored in the capacitor is 


given by 


u=lev? [for V = constant] 
2 
= Uec 
a ic 
In series combination, C, = — 
= e, 
= C=nc, 


In parallel combination, Cy 
For same voltage, U = C 


Zi 
= 
- oF 
or U,:U, =1:9 
Consider the given figure, 
20OHF 30 F 15pF 
RIF. 
CQ C2 a= 

Given, Cy, =20HF, Cz =30HF, Cy = 15HF 


90V 


tential at A fs 
ie sr van see that capacitor C, is earthed, therefore, 


potential across C will be zero. 
eevee, capacitors Cy, C2 and C3 are connected in series 


therefore 
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Ca, 
1 
15 
i 2 
= G60 «80 
60_ 20 5 
=> Car HF 
i i mbinati 
Since, charge remains se in “ie i ination, 
So, O=Cq¥ = 
=> Q= 600 pC 
= 600% 10° °C 
=6x10 °C 


Potential difference across Cz = 77 
‘2 


-. Energy stored in capacitor C, is given by 
E= 5 C,V3 
= ix 30 x 107* x (20) 
= 330% 400 210° E 
=6x10°J 
52. Energy stored in capacitor => eve 
=p xa2x10"F x (50)? =15 x 107 J 


With other capacitor 6 pF in series. 
Total capacitance (C) 


aX 6x12 _12K6_4 op 
Cy+C, 6412 18 ‘i 
Charge stored in each capacitor is same and is given Y 
Q=cv 


x10"? x50C=2x10-%C 


Each of the capacitors will have charge equal to 
= 2x 107% 


Potential on capacitors with capacitance 12 pF is 
Q_ 2x19" 


©," taxag Y +1667 V 
Potential on capacitor with 


= 2107 3: 
éxio@ ¥ =3333V 


capacitance 6 pF is 


Electrostatic Potential and Capacitance _ 


= Guciaedte oes Sepacltanes of X:be C, a0 (Cp - Cy) (Cy + C2)" 4 

7 = [ve, =4] : as 4 <0. 
- Ps > - = - 5x10 
(i) Equivalent capacitance = X4C = (C,-C,) = 25 x10" - 4% 


c+ac =7x10" 
(eX and ¥ are in serie =C,)= 7 10°” = 264 «10° 
4c? 4c sere aa 8) = (C,-C,)=y7 x10 . 
Sigg Tog, SMe MWe ahven'that— <afie = C,-C,= 264x108 ~-Gii) 
$0,4C = 20UF = capacitance of Y On solving Eqs. (i) and (ii), we get 


C, =35 pF and C, =15 uF 


Capacit =ce ML 
Pe ance Cage ate = 0, =C,V=35 x10" * «100 


(i) Charge flowing through the capacitor is given by =35 10°C 
a= cv = XS 15 = 488 35 -c0nc and Q, = C,V =15 x10" * x 100 
= 4 
Now, let the potential difference between plates of ae ; 
capacitors X and Y are V, and V,, respectively. 55. (i) As given in the question, energy of the 6 HF capacitor 
50, V, =.= is E. Let V be the potential difference along the 
eee EY capacitor of capacitance 6 pF. 
a a 
Now, lov? =E 
and v= Magy - ow, ; 
Cc, 20 ‘ 
i =x6x10°XV?=E 
(iii) Electrostatic energy stored in capacitance 2 
E 
X(E,)= pov sai) => vis = x10° wai) 
- een ” Since, potential is same for parallel connection, the 
ae aaa Nar Ati) potential through 12 pF capacitor is also V. Hence, 


f 12 itor is 
From Eqs. (i) and (ii), we get energy of 12 UF capacitor is 


ey Ey, = x1ax10 x V2 [fom Eq. (i)] 
Lov) yy 2 
so go * _ V2 _ 2x12 _ | 
aaa Fae “qv? 4x3K3 =) xiexi0t xE x10 = 26 
y  =4CVy x 2 3 
2 (ii) Since, charge remains constant in series, the charge 
54. When the capacitors are connected in parallel, on 6j1F and 12\1F capacitors combined will be equal to 
equivalent capacitance, Cp = C, + C2. the charge on 3 pF capacitor. 
The energy stored in the combination of the capacitors, Using the formula, Q = CV, we can write 
E, = 1C,Vv?=1(C, +C,) (100)? = 0.25) =3(6 +12) x10 x V=3x10 x V’ 
2 2 Vi=6V 
=> C+ C, =5x10* oi) Squaring on both sides, we get 
When the capacitors are connected in series, equivalent v? =36v? 
capacitance, é Putting the value of V? from Eq. (i), we get 
C, E 
C= 7? 236% = x 108 
SOc, “ VP = 36x = x10 
‘The energy stored in the combination of the capacitors, =. Vv’? =12E x10° 
1 
Bs= 305" a Ey = XS 10 XIE X10 
= By =2 OS (roof =18E ; 
2c, 2 (iii) Total energy drawn from battery is 
1) Cz 2 Exon = E + By + By 
=i 100)? = 045 3 
25x10 : J SE+2E +18E 
=> CC, = 0045 x10" * x5 x107* x 2 =al8 


=45x107" 56. 3x10 J; refer to Example 16 on page 94. 


SUMMARY 


« Electrostatic Potential I! is the amount of work done (w) in 
‘moving a unit positive test charge (q) without acceleration form 
infinity to that point against the electrostatic force 


val 


Its S1 unit is volt (V) and 1V =1J/C. 
Electrostatic Potential Difference Electrostatic potential 
difference between two points P and Q is equal to the work 
done (Wop) by external force in moving a unit positive charge 
(Qo) against the electrostatic force from point Q to P along any 
path between these two points 

av = Mee 

qo 

Its S1 unit is voll and 1V =1JC™. 
Electric Potential due to a Point Charge 


q 
4ntof 


Itcan be given as, V= 


Here, r is distance of the point from the charge. 

Electrostatic potential at any point P due to a system of n point 
charges q;, Qz,.---«dn Whose position vectors are fy to..+--+Fn 
respectively, is given by” 


where, ris the position vector of point P w.r.t the origin. 


« Electrostatic potential due to a thin charged spherical shell 
carrying charge q and radius R respectively, at any point P 


lying 


BJ 
{) inside the shellisV = 77 z 


q 


1 
isV =——- 
(ii) on the surface of shell is V aR 


(ii). outside the shell is V = 1 Yor >R 
ney 1 


where, ris the distance of point P from the centre of the 
shell 


= Electrostatic potential due to an electric dipole at any point P 
whose position vector is rw... mid-point of dipole is given by 


P 
5 
0 
4 oP tq 
j}—_—— 22 +4 
1 poos®.y__1_ pei 
eo, =.Pe 
4ney of? 4neq |r| 


where, dis the angle between and p- 
s Any surface which has same 


ntial Surface: mn 
Equipoter is called an equipontentia) 


elactrostalic potential at every point i 


surface. 
Equipotential Surface in Different Cases The equipotentia| 
surface can be obtained for different cases: 


( Fora point charge, itis spherical surface 


(i) For a uniform electric field, it is plane surface. 
Relation between Electric Field and Electrostatic Potential 


Itcan be given as, E =— a =~ (Potential gradient) 
n indicates that the direction of electric fiets 


where, negative sig 
fower potential, i. in the direction 


is from higher potential to 
decreasing potential. 
Electrostatic Potential Energy of a System of Charges ltis 
defined as, the tolal work done in bringing the different 
charges to their respective positions from infinitely large mutual 
separations, 

Due to System of Two Point Charges It can be given by, 


U =w=Shde 
he 


Due to System of Three Point Charges It can be given by, 
[2 2 aa] 


lt 


ae fi 
j#1 
Potential Energy of a Dipole in an External Field Potentialc! 
a dipole in an external field can be given as, 
U = pE(cos0, -cos 0.) 
Here, 0, and 0, are initial and final orientations of the dipole 
Conductors and Insulators 


Conductors These are those materials through which elec! | 


charge can tlow easily ; 
The process which involves th st 
@ making of a region free I! 

electric field is known as electrostatic shielding. 

Insulators Insulators are tho 7 
se material ich eles 

charge cannot flow pene 

Dielectric and Polarisation 

Dielectric Constant Itis the ratio of the strength of applied 

Aes fa Id to the strength of reduced value of electric fiel 

e ing us ne dielectric between the plates of a capacitor. 

eal allee Hrength The maximum electric ila thal 3 deer, 

fan 

oan. without breakdown is called its die! 

Polarisation The induce 

volume in a dielectric sl: 


called polarisation nt” 07 Placing It in an electric fi 


f 
} 


4 dipole moment developed pet | 


Electrostatic Potential and Capacitance 


Electric Susceptibility Polarisation density of a dielectric slab 
is direcily proportional to the reduced value af electric field, ie 
P = x£0E; where x is called electric susceptibiliy 

* Capacitors and Capacitance A capacitor is a system of two 
conductors separated by an insulating medium 


The capacitance of the capacitor, C= 2 
In SI system unit of capacity is farad 
Parallel Plate Capacitor Capacitance of a parallel plate 


capacitor can be given by, C = fof 


Effect of Dielectric on Parallel Plate Capacitor On 
introducing a dielectric between the parallel plates, 
tance can be given by, 


—. Where K is the dielectric constant 


* Combination of Capacitors 
In parallel combination, 
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Coq =O, + Cp Fiver Cy 


In series combination, 
1 


Cog 


The energy U stored in a capacitor of capacitance.C, with 
charge q and voltage Vis, 


‘ 
U==qV= 
37 


2 2c 


The electrostatic energy density (energy per unit volume) in a 
region with electric field E is 


u = fee? 


Common potential It can be given as, V = 


Loss of Energy in Sharing Charges 
Itcan be given as, 


CHAPTER 
PRACTICE 


OBJECTIVE Type Questions 


1f100 J of work has to be done in moving an 
electric charge 4 C from a place where potential 
is — 10 Vto another place where potential is V 
volt, find the valuc of ¥/ 


(a) 5V (b) 10 V (c) 25V (d) 15V 


2. Inan electric field with E =0, the potential V 


a 


4. 


S: 


varies with the distance r as 
@vel (b) Veer 
r 


(0) V cetir® (d) V will not depend on r 
Acar battery is charged by a 12 V supply and 
energy stored in it is 7.20x 10°J. The charge 


passed through the battery is 
CBSE 2021 (Term-1) 


(b) 5.8x 107 J 


(a)6.0x 10° C 
(d)1.6x 10°C 


(c) 8.64% 10° J 
Two charges 3 x10-§ Cand -2x10°* Clocated 
15 cm apart. At what point on the line joining 
the two charges is the electric potential zero? 
(a) 9em (b) 45cm 

(c) 18cm (d) Both (a) and (b) 

Four charges —q,-q, + q and +q are placed at 
the corners of a square of side 2 L is shown in 
figure. The electric potential at point A mid-way 


between the two charges + q and +q is 
CBSE 2021 (Term-1) 


+9 =a 
2L 

A 
+ -q 
1 1 14 
(a) — (- A ij 4 
ane, I. v5 ane, L 


eS ee j 
(Te, 2b (: +] (A) zero 


6. 


The electric potential V at any point (x,y, Zis 
given by V = 3x”, where x is in metres and V jn 


volts. The electric field at the point (1 m, 0,2 m) 
is CBSE 2021 (Term.), 


(a) 6 V/m along — 
(b) 6 V/m along + 
(c) 1.5 V/m along —X- 
(d) 1.5 V/m along + 


Which of the following is not the property of 
CBSE SQP (Term. 


equipotential surface? 

(a) They do not cross each other. 

(b) The rate of change of potential with distance on 
them is zero. 

(c) For a uniform electric field, they are concentric 
spheres. 

(d) They can be imaginary spheres. 

Equipotentials at a large distance from a 

collection of charges, whose total sum is not 

CBSE 2021 (Term-I) 
(b) planes 
(d) paraboloids 


zero are 
(a) spheres 
(c) ellipsoids 
Three equipotential surfaces are shown in 
figure. Which of the following is correct one for 
the corresponding field lines? 


wov =8Y ev 
| agdeny! 


ov av ev sy 6V 10V 
Si SA 
(a) +--+ +E (b) 


tov BV BV 


(d) None of these 


Electrostatic Potential and Capacitance 


10. The electrostatic Potential on the surface of a 
charged conducting sphere is 100V, Two 
statements are made in this regard 
S, At any point inside the sphere, electric 
intensity is zero. 

S, At any point inside the sphere, the 
electrostatic potential is 100V. 

Which of the following is a correct statement? 
(a) S, is true but S, is false NCERT Exemplar 
(b) Both S, and 
(©) S, is true, S, is also true and $, is the cause of S, 


(a) S, is true, S, is also true but the statements are 
independent 


re false 


Il. Two charges 14,C and—4y1C are placed at 
(-12em, 0, 0) and (12 em, 0, 0) in an external 


electric field E = (3 } where B = 1.2x 108 N/cm? 
r 


andr is in m. The electrostatic potential energy 
of the configuration is CBSE 2021 (Term-1) 
(a) 97.9] (b) 102.1 J 
(245 (d)-97.9] 

12. 


A+ 5,0nC charge Q is initially, at a distance of 

1, =10 cm from a+ 5.0nC charge q fixed at the 
origin. The charge Q is moved away from q to a 
new position at r, = 15 em. In this process, work 
done by the field is CBSE 2021 (Term-1) 
(a)1.29x 107° J (b)3.6x 10° J 

(c)- 4.5x 10° 7J (d) 4.5% 1077] 


5 


On bringing an electron near to other electron, 
the potential energy of the system 

(a) decreases (b) increases 

(c) remains same (d) becomes,zero 


14. An electric dipole of length Icm is placed with the 
axis making an angle of 30° to an electric ficld 
of strength 10‘ N/C. If it experiences a torque of 
10V2 Nm, the potential energy of the dipole is 
(a) 0.245J (b) 2.45) 

(c) 24.5) (d) 245.0) 


15. What is the value of capacitance if a very thin 
metallic plate is introduced between two 
parallel plates of area A and separated at 
distance d? 

A 


2e,A () 
d 


4e,A 
(@) e,A/d (by =2"  (c) of 
A d 


ad 


16. 4 Paralle] plate capacitor has a uniform electric 
field (Vm~) in the space between the plates. If 
the distance between the plates is d(m) and area 


{fl 


of cach plate is A(m?), the energy (joule) stored 
in the capacitor is, 


(a) ‘ ey E® (b) ©, EAd 


() Feo Ad (a) E*Adje, 

17. 4 variable capacitor is connected to a 200 V 
battery. If its capacitance is changed from 21F 
to X uF, the decrease in energy of the capacitor 
is2% 10° *J. The value of X is CBSE 2021 (Term-1) 
(a) 1F (b) 2pF 
(c) 3F (d) 4uF 


18. ‘Two parallel plate capacitors X and Y, have the 
same area of plates and same separation 
between plates. X has air and Y with dielectric 
of constant 2, between its plates. They are 
connected in series to a battery of 12 V. The 
ratio of electrostatic energy stored in X and is 

CBSE SQP (Term-1) 
(a)4z1 
(c)2s1 


(b) 1:4 

(d)1:2 

19. ifthe charge on each plate of a capacitor of 
GO uF is 3 x10-*C. Then, energy stored in the 
capacitor will be 
(a) 25 «10° 8) 
(c)35 x10 8 


(b)1.5 x 1074] 
(d)75x107 8 J 
20. 


Three capacitors 2uF, 3 uF and 6 LF are joined 
in series with each other. The equivalent 
capacitance is CBSE SQP (Term-1) 
(a)1/2 uF 
(c) 2uF 


(b) 1 LE 
(a). pe 


21. A capacitor plates are charged by a battery with 
V volts. After charging battery is disconnected 
and a dielectric slab with dielectric constant K 
is inserted between its plates, the potential 
across the plates of a capacitor will become 

CBSE SQP (Term-1) 
(b) V2 
(d) KV 


(a) zero 
()VIK 


ASSERTION AND REASON 


Directions (Q. Nos. 22-32) In the following questions, rwo 
statements are given- one labelled Assertion (A) and the other 
labelled Reason (Rd. Select the correct answer to these questions 
fiom the codes (a), (b), (c) and (d) as given below 

Both Assertion and Reason are true and Reason is 
the correct explanation of Assertion, 
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22. 


24. 


25. 


26, 


27. 


(b) Both Assertion and Reason are true but Reason is 
not the correct explanation of Assertion, 

(c) Assertion is true but Reason is false. 

(d) Assertion is false but Reason is true, 


Assertion Work done by the electrostatic force 
in bringing the unit positive charge from 
infinity to the point P is positive. 


Reason For Q<0, the force on unit positive 
charge is attractive, so that the electrostatic 
force and the displacement (from infinity to P) 
are in the same direction. 

Assertion A and B are two conducting spheres 
of same radius. A being solid and B hollow. Both 
are charged to the same'potential. Then, charge 
on A=charge on B. 


Reason Potential on both are same. 
Assertion There is no potential difference 
between any two points on the equipotential 
surface. 


Reason No work is required to move a test 
charge on the equipotential surface from one 


point to other. 

Assertion The expression of potential energy 

yu =—1_ 92 js unaltered whatever way the 
Bre Tin 

charges are brought to the specified locations. 

Reason Path-independence of work for 

electrostatic force. 


Assertion An electron has a high potential 
energy when it is at a location associated with a 


more negative value of potential and a low 
potential energy when at a location associated 


with a more positive potential. 
Reason Electrons move from a higher potential 
region to lower potential region. 

CBSE SQP (Term-1) 
Assertion In the absence of an external electric 
field, the dipole moment per unit volume of a 
polar dielectric is zero. 
Reason The dipoles of a polar dielectric are 
randomly oriented. 


| Allzzone | PHYSICS Classy, 


28. Assertion Polar molecules have permanent 
dipole moment. 
Reason In polar molecules, the centre of 
positive and negative charges coincides even 
when there is no external field. 


29. Assertion Charge on all the condensers 
connected in series is the same. 
Reason Capacitance of capacitor is directly 
proportional to charge on it. 

30. Assertion An electron moves from a region of 
lower potential to a region of higher potential 
Reason An electron has a negative charge. 


31. Assertion A parallel plate capacitor is 
connected across a battery through a key. A 
dielectric slab of dielectric constant K is 
introduced between the plates. The energy 
which is stored becomes K times. 


Reason The surface density of charge on the 
plate remains constant or unchanged. 


32. Assertion If three capacitors of capacitances 
C,<C,< C, are connected in parallel, and in 
series then their equivalent capacitances. 

Rug 
Cy 
CASE BASED QUESTIONS 


Directions (Q.Nos. 33-34) These questions are case sil 
based questions, Attempt any 4 sub-parts from each questit® 
Fach question carries 1 mark. 


33. Proton in an Electric Field 
Potential difference (AV) 
between two points A and B >}—- 
separated by a distance 

form electric fie i 
by AV =~ Ex, idee aa 
measured parallel to the field _|+ eee 
lines. Ifa charge qy moves from a) 
Ato B, the change in potential ae 
energy (AU) is given as AU = qgAV.A protonis 
released from rest in uniform electric fieldof 
Magnitude 8.0.x 104 Vm“ directed along the 
Pe X-axis. The proton undergoes a | 
'splacement of 0.50 m in the direction of E- 


Electrostatic Potential and Capacitance 


Mass of a proton = 166x107" kg 
and charge on a proton = 1.6x 10° ¢, 


With the help of the pa: sage given above, 
choose the most appropriate alternative for 
each of the following questions. 
(i) As the proton moves from Ato B, then 
(a) the potential energy of proton decreases 
(b) the potential energy of proton increases 
(c) the proton loses kinetic energy 
(d) total energy of the proton increases 
(ii) The change in electric potential of the 
proton between the points A and Bis 
(a) 4.0% 104 V (b) - 4.0x 107 v 
(c) 64x 10°" V (a) - 64x 107 v 
(ii) The change in electric potential energy of 
the proton for displacement from Ato B is 
(a) — 64x 107" J (b) 6.4% 107" J 
(c) — 64x 10° 8 J (d) 64x 10-8 J 
(iv) The velocity (vs) of the proton after it has 
moved 0.50 m starting from rest is 
(a) 1.6% 10° ms“! (b) 2.77« 10° ms“! 
(©) 2.77% 10" ms" (d) 1.6% 10° ms~? 
(v) If in place of charged plates, two similar 
point charges of 11C are kept in air at Im 
distance from each other. Then, potential 


energy is 
(a)1J (b) 1eV 
(c)9x107) (d) zero 


Electrostatic Potential Energy ‘ 
Electrostatic potential energy of a system of 
point charges is defined as the total amount of 
work done in bringing the different charges to 
their respective positions from infinitely large 
mutual separations. 

By definition, work done in carrying charge 

from « to any point is 

W = Potential x Charge 
This work is stored in the system of two point 
charges in the form of electrostatic potential 
energy U of the system. 

(i) Work done in moving a charge from one 
Point to other inside a uniformly charged 
conducting sphere is 
{a) always zero 
(b) non-zero 
(©) may be zero 
(4) None of the above 


113 


(ii) A positively charged particle is released 
from rest in an uniform electric field. The 
electric potential energy of the charge 
(a) remains a constant because the electric field is 
uniform 

(b) increases because the charge moves along the 
electric field 

(c) decreases because the charge moves along the 
electric field 

(d) decreases because the charge moves opposite 
to the electric field 

(iii) Three charges are placed at the vertex of an 

equilateral triangle of side [ as shown in 

figure. For what value of Q, the electrostatic 

potential energy of the system is zero? 


+0 
+9 +q 

(a) -q (b) q/2 
(©) -2q (@) -9/2 


(iv) In the figure, proton moves a distance din a 
uniform electric field E as shown in the 
figure. The work done on the proton by 
electric field is 


iS) 
2 


1 


(a) negative (b) positive 
(c) zero (@) None of these 

(v) Two similar positive point charges each of 
2uC have been kept in air at 3m distance 
from each other. What will be the Potential 


energy? 
(a1 (b) Lev 
(c)12X107* J (ad) zero 


VERY SHORT ANSWER ‘Type Questions 
35, Determine the work done in moving a test 
“charge q through the distance Lem along the 
equatorial axis of an electric dipole. 


36, Why there is no work done in moving a charge 
* from one point to another on an equipotential 


surface? Forelgn 2012 


Draw the equipotential surfaces due to an 


37. isolated point charge. CBSE 2019 
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38, Draw equipotential surface for an electric 
dipole. CBSE 2019 

39. Aproton released from rest in an electric field, 
will start moving towards a region of 
potential in the field. 


CBSE 2020 


40. Depict equipotential surfaces due to an electric 
dipole. CBSE 2020 
41, A charge particle (+ q) moves in a uniform 
electric field E in the direction opposite to E. 
What will be the effect on its electrostatic 
potential energy during its motion? CBSE 2020 


42, Assume a charge starting at rest on an 
equipotential surface is moved off that surface 
and then is eventually returned to the same 
surface of rest after a round trip. How much 
work did it take to do this? Explain. 


43, Do electrons tend to go to regions of high 
potential or low potential? 

44. Aproton is released at rest in a uniform electric 
field. Does the proton’s electric potential energy 
increase or decrease? 

Does the proton move towards a location with a 
higher or lower electric potential? 


45. What is the net charge ona charged capacitor? 


46, Two circular metal plates, each of radius 10 cm, 
are parallel to each other at a distance of Imm. 
What kind of capacitor do they make? Mention 
one application of this capacitor. 

47, Ametal plate is introduced between the plates 


of a charged parallel plate capacitor. What is its 
effect on the capacitance of the capacitor? 


SHORT ANSWER Type Questions 

48, Draw three equipotential surfaces 
corresponding to a field that uniformly increase 
in magnitude but remains constant along 
x-direction. 
How are these surfaces different from that of a 
constant electric field along x-direction? 


49, Two point charges S5yC and ~5yC are placed at 
points A and B, 5 cm apart. 
(i) Draw the equipotential surface of the 


system. 
(ii) Why do equipotential surfaces get close to 
each other near the point charge. 


|Alizwone |PHYSICS Class 19, 


50, Deduce an expression for the potential energy 
of a system of two point charges q, andq, 
located at positions r, and rp, respectively in ap 
external field (E). CBSE SQP (Term, 


51, The plates in a parallel plate capacitor are 
separated by a distance d with air as the 
medium between the plates. In order to 
increase the capacity by 66% a dielectric slab y 
dielectric constant 5 is introduced between the 
plates, What is the thickness of dielectric slaby 


52, Aparallel plate capacitor with air as dielectrics 
charged by a DC source to a potential V. 
Without disconnecting the capacitor from the 
source, air is replaced by another dielectric 
medium of dielectric constant K. State with a 
reason, how does " 

(i) electric field between the plates and 
(ii) energy stored in the capacitor change? 


53, Aslab of material of a dielectric constant K has 
the same area as that of plates of a parallel 
plate capacitor but has the thickness 2d/3, 
where d is separation between the plates. 


Find the expression of the capacitance when 
the slab is inserted between the plates of the 
capacitor. 


LONG ANSWER Type | Questions 


54, Two isolated metallic solid spheres of radiiR 
and 2R are charged such that both of these havé 
same charge density 6. The’spheres are located 
far away from each other, and connected by 
thin wire, Find the new charge density on the 
bigger sphere. 


55, (a) Draw the equipotential surfaces : 
corresponding to a uniform electric field" 
the z-direction. 


(b) Derive an expression for the elect 
d 


potential at any point along the axial lin 
an electric dipole, cBsB2" 


56. (a) Draw equipotential surfaces correspond 
to the electric field that uniformly incret™ 
in magnitude along with the z-directio™ 

(b) Two charges ~q and +q are located at poitt 
(0, 0, -a) and (0, 0, a). What is ts 
clectrostatic potential at the points 

cBse™ 


{ 
(0, 0, #2) and (x, y, 0)? 


Electrostatic Potential ang Capacitance 


and ~ Q, are placed r 
the expression for the 
one to place a third charge 


Q, at the mid-point of the line joining the 


two charges, 
(b) At what distance from charge +Q, on the 
line joining the two charges (in terms of Q,, 


Q, and r) will this work done be zero? 


CBSE 2020 
and q, are kept at a 


educe the expression 
otential energy of this 


58. (a) Two point charges qd 
distance of r,) in air. Di 
for the electrostatic pe 
system. 

(b) If an external electric field (£) is applied on 
the system, write the expression for the total 
energy of this system. CBSE 2020 


59, Define the following, 
(i) Polarisation 
(ii) Electric susceptibility (2) 
(iii) Electrostatic shielding 


60. Choose the statement as wrong or right and 
justify. 
(i) Inside a conductor, electric field is not zero 
because electrostatic potential is constant. 
(ii) On insertion of dielectric, capacitance of 
capacitor increases, 
(ii) When capacitors are connected in parallel, 
the amount of charge in each capacitor will 
be same. 
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Aparallel plate capacitor has capacitance Coin 
the absence of a dielectric. A slab of dielectric 
material of dielectric constant ¢, and thickness 
d/3is inserted between the plates, What is the 
new capacitance when the dielectric is present? 


62, Two parallel plate capacitors of capacitances C, 
and C, such that C, = C,/2are connected across 
a battery of V volts as shown in the figure. 
Initially, the key (K) is kept closed to fully 
charge the capacitors. 
The key is now thrown open and a dielectric 
slab of dielectric K is inserted in the two 
capacitors to completely fill the gap between 
the plates. Find the ratio of 

(i) the net capacitance and 

(ii) the energies stored in the combination 


before and after the introducing dielectric 
slab. 


115 


= Cy Cz 


63. You are given an air filled parallel plate 
capacitor C,. The space between its plates is 
now filled with slabs of dielectric constants K, 
and K, as shown in figure. 
(i) Find the capacitance of the capacitor C, if 
area of the plates is A and distance between 
the plates is d. 


(ii) What is the value of capacitance if 
K,=K,=K? 


| 


64. Derive an expression for the energy stored ina 
parallel plate capacitor. On charging a parallel 
plate capacitor to a potential V, the spacing 
between the plates is halved anda dielectric 
medium of e, = 20 is introduced between. the 
plates, without disconnecting the DC source. 
Explain, using suitable expressions, how the (i) 


capacitance, (ji) energy density of the capacitor 
changes? 


LONG ANSWER Type II Questions 


65. (i) Establish the relation between electric field 
and electric potential at a point, 


Gi) Draw the equipotential surface for an 
electric field pointing in + z-direction with 
its magnitude increasing at const 


i ‘ant rate 
along - z-direction, 


CBSE SQP (Term-1) 

66. (i) Depict the equipotential surfaces for a 
system of two identical positive point 
charges placed at distance d apart. 

(ii) Deduce the expression for the potential 
energy of a system of two point charges q, 
and q, brought from infinity to the points 
with positions 1, and 7, respectively in 
presence of external electric field E. 
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67. (i) Obtain the expression for the potential due 
to an electric dipole of dipole moment p at a 
point x on the axial line. 

(ii) Two identical capacitors of plate dimensions 
lxb and plate separation d have dielectric 
slabs filled in between the space of the 
plates as shown in figure. 

——_! 


i area 


2 


t 
gd 
t 


L 


Ef 
iWAZLZ 
a 2—>1 
Obtain the relation between dielectric constants 
K,K, and Kz, All India 2013 


68. (i) Describe briefly the processs of transferring 
the charge between the two plates of a 
capacitor when connected to battery. Derive 
an expression for the energy stored in a 
capacitor. 

(ii) A parallel plate capacitor is charged by a 
battery to a potential difference Vv. It is 
disconnected from battery and then 
connected to another unchanged capacitor 
of the same capacitance. Calculate the ratio 
of the energy stored in the combination to 


the initial energy on the single capacitor. 
CBSE 2019 


NUMERICAL PROBLEMS 


Calculate the potential at a point P: due toa 
charge of 5x 1077 C located 11 cm away. 


Ahollow metal sphere of radius 7 cm is charged 
such that potential on its surface is 20 V. What 
is the potential at the centre of the sphere? 


71. When reaching for door handle often sliding 
across a car seat ona dry winter day, you get a 
spark when your finger tip is 5 mm away from 
the handle, What was the potential difference 
between you and the door handle just before 
the spark? Given that dielectric strength of air 


=3x10° V/m. 
72. Two point charges SQ and Q are separated by 


Im in air, At what point on the line joining the 
charges, is the electric field intensity zero? Also, 


73. 


TA. 


75. 
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calculate the electrostatic potential energy of 
the system of charges, taking the value of 
charge, Q=4 107°C. 

Calculate the work done to dissociate the 
system of three charges placed on the vertices 
of a triangle as shown in the figure. 


Here, q = 1.6 x10C. CBSE 203, 
q 


20cm 20 om 


-4q +2q 


Read the following passage and answer the 
question below it: 
Potential difference (AV) between two points 4 
and B separated by a distance x, in a uniform 
electric field E is given by AV = — Ex, where ris 
measured parallel to the field lines. If a charge 
qo moves from Ato B, the change in potential 
energy (AU) is given as AU = qo V. A proton is 
released from rest in uniform electric field of 
magnitude 8x 10‘ V/m directed along the 
positive X-axis. The proton undergoes a 
displacement of 0.50 m in the direction of E. 
Mass of a proton = 1.66x 10’ kg and charge ot 
a proton =1.6x 10" C. 
With the help of the comprehension given 
above, choose the most appropriate alternativt 
for each of the following questions. 
(i) What will happen to the potential energy 
proton, when it moves from 4 to B? 
(ii) What will be the velocity (v;) of the proto! 
after it has moved 0.50 m starting from rest 
7 E 


| 


+ 
+ 
+ 
+| 
+ 
‘ 


AOSm" 


A200 pF parallel plate capacitor having plat® 
separation of 5 mm is charged by a 100 V DC 
source, It remains connected to the source 
Using an insulated handle, the distance bet 
the plates is doubled and a dielectric slab 0 
thickness 5 mm and dielectric constant 1015 
introduced between the plates. Explain with 
reason, how the (i) capacitance, (ii) electric A | 
between the plates and (iii) energy density % 4) 
the capacitor will change. case” 


& 


Electrostatic Potential and Capacitance 


76. A100 uF parallel plate c:; 


77. 


78. 


79, 


80 


F ‘apacitor having plate 
separation of 4 mm is char ed b: 
source is now disconnect, i Eiiedeae 


between the plates is dou 
slab of thickness 4 mm and dielectric constant 5 
is introduced between the plates, how will (i) its 
capacitance, (ii) the electric field between the 


nergy density of the capacitor 
tify your answer in each case. 


CBSE 2019 
Ina network, four capacitors C,C2,C3 and C, 
are connected as shown in the figure, 


get affected? Ju: 


Co= 6 yr 


I] 
av 
(a) Find the net capacitance of the circuit. 

(b) If the charge on the capacitor C, is 6, (i) 
calculate the charge on the capacitors C, 
and C, and (ii) net energy stored in the 
capacitors C, and C, connected in series. 

CBSE 2019 


Find the total charge stored in the network of 
capacitors connected between A and Bas 
shown in figure: 


apF uF 

A B 

uF ‘uF 
L__j 


CBSE 2020 


You are given three capacitors of 2uF, 3uF, 4F, 
Tespectively. 
(a) Form a combination of all these capacitors 


of equivalent capacitance = uF. 


(b) What is the maximum and minimum value 
of the equivalent capacitance that can be 
obtained by connecting these capacitors? 

CBSE 2020 


What is the area of the plates of a 2.5 F parallel 
Plate capacitor, given that the separation 
between the plates is 0.2 cm? (You will realise 


81. 


82. 


24, 


25. 


|. (d) 


(0) 
- (c) 
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from your answer why ordinary capacitors are 
in the range of iF or less. However, electrolytic 
capacitors do have a much larger capacitance 
(0.1 F) because of very minimum separation 
between the conductors). NCERT 


Anetwork of four 10uF capacitors is connected 


to a 500V supply as shown in the figure. 
Determine the equivalent capacitance of the 
network along AD. 
+ o -O 
c 
o & 
+0] Cc. 
A 


8 


7 


1 
Fall=q 9 
+-——500 V-——1 


If two parallel plate capacitors A and B are 

connected in series combination with the same 

supply voltage of V volt, the capacitor Ahas air 

in between its plates while B has dielectric of 

dielectric constant 4, then : 

(i) determine the capacitance of each 
capacitor, if the equivalent capacitance of 
the combination is 4y.F. 


(ii) Find the ratio of electrostatic energy stored 
in Bto A. 


ANSWERS 


2. (d) 3. (a) aC) 5. (a) 
. (a) 7 8. (a) 9% 10. (@ 
(a) 12. (d) 13. (b) 14. (0) 15. (a) 
17. (a) 18. (0) 19. (d) 20. (6) 

22. (a) 


. (a) A and Bare two conducting spheres of same radius, 


A being solid and B hollow, Both are charged to the 
same potential. Then, charge on A = Charge on B. 
Because potentials on both are same, 


(a) The proof of this statement is simple. There is no 
potential difference between any two points on the 
surface and no work is required to move a test charge 
on the surface because work done 
= potential difference x charge. 
Lng 

he potential energy U = —— ‘de 
(a) The p By ix, te 
whatever way the charges are brought to the specified 
locations, because of path independence of work for 
electrostatic force, 


is unaltered 


1s 


26. 


27. 


28. 


30. 


3L 


32. 


33. 


eee move from a lower potential region to 
ntial region. 
So Merelere Polar and non-polar dielectric materials. 
ne molecules of polar dletectie have a permancn 
sine Rlordent However, due to random orientations 
moment is zero. If there is no external electric 
field, there is no polarisation 
(©) The molecules of a substance may be polar or 
non-polar, Ina non-polar molecule, the centre of 
positive and negative charges coincides. On the other 
hand, a polar molecule is one is which the centres of 
positive and negative charges are separated, even when 
there is no external field. Such molecules have a 
permanent dipole moment. 
(0) Let two capacitors be connected in series. If +q 
charge is installed on left plate of the first capacitor, 
then —q charge is induced on right plate of this 
capacitor. This charge comes from electron drawn from 
the left plate of second capacitor. Thus, there will be 
equal charge +q on the left plate of second capacitor and 
—q charge induced on the right plate of second 
capacitor. Thus, each capacitor has same charge (q) 
when connected in series. Capacitance is quantity 
dependent on construction of capacitor and independent 


of charge. 
(a) Electric fiel 


potential. An el 
opposite to the direction of electri 


potential to higher potential. 
v_cv 


|d is set up from higher potential to lower 
lectron is negatively charged and moves 
ic field, Le., from lower 


KC 


(© The reason is false as 0” = 7 =—Z—~ = 
=Kd oko 
A 
(as C’ = KC, V’ = Vand CV =q) 


nis true as capacitance in parallel is greater 
s series, Reason is false as 


than capacitance i 
Cp 201 C2 + Cs 

i} Potential energy of the proton decreases as it 
o Oe in the direction of the electric field. 


(ii) (8) AV = — BOx =~ (8.0x 10° V/m) (0.50 m) 
=-4x10'V 
AV = (1.6% 107°C) (~ 4.0% 10'V) 
2- 64x10" J 


tiv) (DAs AK =~ AU = 6.4% 10-8 J 
(from conservation of energy) 


Gii) (2 AU = do 


AK = zoe 


or 
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atic potential energy of the system, 


¥) (c) Blectrost 
: 4 998) = 2210! M110 1 x10 


“ane, 1 
= 9x10 
£ <0 inside the conductor and hay 
on the surface, no worl is 4 
t charge within the condyet 
7 


34. (i) (a) Since 
tangential com 
in moving a small Les| 
and on its surface Sis 

F ¢ positively charged particle experi 
ot Oo ane force along the direction of electric fat 
fe. from high electrostatic potential to 

ietrostatic potential. Thus, the work is done by i 

SKectrie, field on the positive charge, hen 

electrostatic potential energy of the positive charg, 


ponent 


decreases. 
(d Potential energy of the system. 


_ Koq , Ka, Ka@ 
uss 1 


Mxora+@l= 


= =Q=-qi2 
(iv) (@) Since, the proton is moving against the directiond 
SY Sectric field, so work is done on the proton agsing 
Glectric field. It implies that electric field doe 
negative work on the proton. Again, proton is movies 
in electric field from low potential region to hi 
potential region hence, its potential energy increase. 
(v) (0 Electric potential energy of the system, 
1 4: 


AE, 
Here, gy =q2 =1"C: =1™1 


ice 


1_ 9x10” N-m?/C* 


=1m and 


ATE, 
9x10? x 2x10 x 2x10 
3 


u 


=12x10°7 J 
35. Electrostatic potential at any point on the equatorial 
plane of dipole is zero. 
< Work done, AW = gAV =0 
36. Change in potential is zero on an equipot 


87. Refer to text and diagram on page 68 
{Equipotential Surfaces in Different Cases (Case) 


38. Refer to text and figure on page 68 [Equipotential 
Surfaces in Different Cases (Cave 1V)] 

39. decreasing i 
As, electric field lines starts from higher potential 
ends at lower potential, so when a proton is relesst 
from rest in the field, then it moves towards the 
of decreasing potential in the field. 

40. Refer to text on page 68, 

Al. "When a positive charge q moves in a directio” 
to the direction of electric field, the work done BY yt 
is negative and electrostatic potential enerEY snc 


ential surface 


1 ore! 


Blectrostatic Potential tind Capacitance 


42. Work done, AW = gAV = 9(0) = 

43. High potential 

44, Proton moves from a locati: 
lower potential. Thus, pote 

45. Zero 


46. Parallel plate capacitor. It is used to store electrostatic 
energy. 


47. Increases 
48, 


ion of higher potential to 
ntial energy decreases, 


x 
z 


The equipotential surface are plane parallel to y-z plane. 
As the field is increasing in magnitude along X-axis, so 
the spacing between the planes decreases on moving 
along X-axis. But in case of constant electric field, the 
planes are spaced equally. 

49. Refer to Q. 21 on page 75. . 

50. Suppose g, and q, charges are brought from infinity at 
locations , and r,, respectively in an external electric 
field. 

Let V (r,) and V (r,) be the potentials at positions r, and 
r, due to external electric field E. In this case, work is 
done in bringing these charges against their own 
electric fields and external electric field. 
h 
ite Re on 
ra "a 
Work done in bringing g, from infinity to 7 is, 
W,=aV(n) 

Similarly, for g,, work done, W, = q2V (2) 
Work done on g, against the electric field due to q,, 


= feed =f oe 
Wye fade far) 
ma 1 fees 1% 


= hh =— ah 
ane, ik AME) Ne 


where, f,, =|f, - 1] 
+.Potential energy of system V = Work done in 
assembling the configuration = W, + W, + Ws 
N42 
=4q, Vi) +92 Vie) + ae 
9 VU) + 92 Vite) Trai ta 


sy AC_c’-c_KC-€ 
ce Cc 
52. Refer to text on pages 88 and 92. 


[Ans. (d/2)] 


(om (2) 


[Ans, 50/6] 


53. Refer to Q. 23 on page 95. 


54. Refer to Q. 37 on page 77. 
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55. (a) Refer to Sol, 33 (ii) on page 80. 
(b) Refer to text on page 67. 


56. (a) The equipotential surface are plane parallel to X-¥ 
plane. As the field is increasing in magnitude, the 
spacing between surfaces decreases. 

x 


Equipotential surfaces 


! z 


hale 


y 


(b) Let P(0, 0, z) and Q(x, y, 0) are two points on which 
electric potential are to be calculated. 


fp =a x24) 


=e ) 
The electrostatic potential at Qis 


1 
ie 


y= q _ q 
Amey Vetyna Vx? ty? <a? 


57. (a) The charges +Q, and —Q, are placed at A and B 
respectively, as shown 


+2, P ~Q, 
pa ee 
A 8 


Let P be the mid-point of line joining A and’, The 
potential at P due to charge +Q, is, 


__ 2 
VY aneyr/2 
and due to charge ~Q, is 
V, =a 
ane, r/2 


The resultant potential at P is 


120 


yay=—& __@ 
4megr/2 Ane yr/2 


2 
= Freer (Ot @2) 


The work done to place a charge Q, at Pis, 
W =0,v = 22Q,-02) 
4negr 
Q3(Q, ) 
ne gr 
(b) Let x be the distance from charge +Q, on the line 


joining the two charges, at which the work done will 
be zero as shown. 


or W 


+0, Pp 0, 


A? 


bx at r= x} 


So, the potential due to charge +Q, at A is equal to 
potential due to charge —Q, at Bat point P, ie. 


58. (2) Refer to text on page 70. 
(b) Refer to text on page 73. 
59. Refer to text on pages 85 and 86. 
GO. (i) Refer to text on page 85. 
(ii) Refer to text on page 88. 
(iii) Refer to text on page 90. 
GL Refer to Q. 23 on page 95. 
62. Refer to Q. 29 page 96. 
63. Refer to Q. 26 page 96. 
GA. Refer to text on page 92. 
(@ and (ii) Refer to Q. 38 on page 97. 
65. (i) Relation between Electric Field and Electric 
° Potential 
Let us consider a positive test charge (q,) moves a 
distance (ds) from one equipolential surface to 
Snother.The displacement (ds) makes an angle (0) 
with the direction of the electric field (E). 
Suppose a positive test charge (qo) moves through a 
differential displacement ds from one equipotential 
surface to the adjacent surface. 
We know that, the work done by the electric field on 
the test charge during its movement is - q, dV. We 
see that, the work done by the electric field may also 
be written as the scalar product (q,E-d8) or 
qo£ cos @ ds. 
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Two equipotential surfaces 
(i) Equating these two expressions for the work yield; 
= qd = qo8 cos O ds 
av 
= Ecos 0=- 
Since, E cos@ is the component of E in the direction 
of ds, therefore 


E=E,i+E,j+E.K 


where E,, £, and E. are the x, y and z-components¢f 
E at any point, 


For the simple situation in which the electric field Eis 
uniform. 

pewhY 

As : 

Negative sign shows that the direction of electric fie! 
E in the direction of decreasing potential. 
The equipotential surfaces for an electric field in 
+ z-direction are shown below 


¥ 


Equipotential 
surfaces 


x 
As, the distance between the surfaces is decte™ 


SS paalcens erred | 
towards ~ z-direction, this means the electri Lay 


increasing in may eal 
nitud pare? tion 
constant rate, gnitude towards — z-direct 


66. (i) Refer to text on Page 68 (Case Il). 
(ii) Refer to text on Page 73. ; 
G7. (i) Refer to text On page 67. 
(ii) Refer to Q. 24 on page 96, 


- 12I 


Electrostatic Potential and Capacitance 


G8. (a) Refer to text on page 87 (Parallel Plate Capacitor) and 
page 92 (Energy stored ina Capacitor) 
(b) Refer to Sol. 27 on page 101, 


69. v=—2 _9*10" x5 x 107 
Be = E409 kV ui ss 
Ameer 11x10 = 535.42 x10" Jim 
WO. Potential, V S207 76. Given C =100p1F, d=4 mm, 
71. As, B= at t=4mm, V = 200V 
a () d’= 2d, k= E, =5 
y 
= -3x10°=—4Y cabo! 
5x10 
= AV =15000V sion? _ 885 x10"? x A 
72. Refer to Example 6 on page 65 and useU = *%92 Apap 
r = = A=45.2x10° m? 
73. Refer to Example 15 on page 72. al oA 
74. (i) Refer to text on page 73, “ape aet 
k 


(ii) Apply 
_ 885x107" x 45.2 x10" 


™ =ev i 2, 
(-« +4) x10 
5 


277 «10° mis 


=> ov 
75, Given, C = 200F, d=5mm, t=5mm, V =100V = 8333 NF 
cA Cd (ii) Charge on capacitor, when 200 V is applied 
W.6= tpt 4ra q =CyV, =100 X10 x 200= 2x 10°C 
4 
Even after the battery is removed, the charge of 
6 3 8 
As Oxo monte 2x10~ C on the capacitor plate remains same. 
885x10°" So, Cy¥y =C'V" 
=11299%108 m? 
When d’= 2d, then c’= —£04 _ 
ad -t+ 
K 
12 3 
_ 885. x10" x 11299 x10 vi _ 240 
(10-543) x10 ad 2x4x1e 
=30x 10" Vim 
= 181.8 x10" = 181.8 nF = one ‘ 
; fave all FF 5 5956 199)? 
(ii) Charge on capacitor, q = CoVp (il) U2 Baba = 5X BBS X10” (50.309) 
= 200% 10° x100 = 11067 10° J/m* 
=2x107°C Fiend 12 
= CV, =C'V’ (Wy = ele x 
0M = 
or Va Sa¥o ~ x 885 x10" x (30x 10°)? 
C 
fi 466 = 39825 x 10°° J/m?> 
E,=-= 
od 5x10° TI. C, and C, are in parallel combination, so 
yw 0 F C=C, +C,=3+6=9HF 
eoherrrs 11x10" Vim Now,C’, C, and C, are in series, so net capacitance is 


ee ee (ee ee ee es) 

in Fl =i = - 

Gi) T= > eg} = 2 x 885 10°" x (20109) tet . 
2 


=1770 x 10° J/m? 
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of the network is 


i) Gi acitance 
(©) () Given, Q, = 6c se ne aioe  c, + C, (for parallel combination) 
Now, potential across C,, Coe = C1 4 vat 
a4 yon Our 
Vs iiate2v ayn ttge 
7 
Thus charge on C, «Total charge, Q=Cyey *¥ 
Q =C,V =6x 210 32109C 
Total charge on C, 2 7 
andC,, Q=12+6=18)1C 79. (a) When C, and C, are in series and C, is in parallel ag 
As charge is same in series combination, shown, then 
-. Charge on C, and C, is 18 tC each. C,=2uF 
(ii) Total capacitance, 1 
Eg 
gtet [—B 
cv 4 1203 fal | East 
= C’=3uF 
Thus, total energy stored in them is 
19 
u-lf 
ace gt 
2 2+4 
1 (8) oy : ‘i 4 Le 
x10 (b) Maximum value of the equivalent capacitance i 
pee obtained when all capacitors are connected in paralld 
=54 x10 J combination, 
78. As the given network is like a balanced Wheatstone ic. Coq = Cy +C, + Cy = 24344 = UF 
bridge, so no current flows through the middle wire and or Coq = Cmax = 9UF 
the network becomes as shown . and minimum value is obtained, when all capacites 
aur 2K are connected in series combination, 


CXC, XC, 
CC, + C40, +Cy 


Gur 3yF 
1 ms Ze 2x3x4 


2x343xX4+4Xx2 


ie. Ceq = 


{t or Coq = C. ad 

Vv @a = Cmin = 75 WF 
So, equivalent capacitance of upper arm (series 80. Refer to Example 2 on page 87. [Ans, 560 kr'] 
combination) is gs. tet yi ia 


7 + 
oa Gey 
Coq = C+, =133 pF 
¢ 4 4 HE 
and of lower arm is 82, Refer to Q. 53 on page 98, 
G5 pF, 20pP 


(ii)ts4 


In electrostatics, we have studied about the charges at rest. Here, we will study about 
charges in motion which constitute an electric current. Such electric currents occur 
naturally in many situation n lightning, charges flow from the clouds to the earth 
f through the atmosphere, which sometimes becomes disastrous, as the flow of charges is 
wa.) hot steady. However, in our everyday life we see many devices such as a torch, a 
ir z cell-driven clock, etc., where charges flow in steady manner. 


CURRENT ELECTRICITY 


[TOPIC 1| 
Electric Current and Ohm’s Law 


% CHAPTER CHECKLIST 


If we maintain the constant potential difference between two conductors, we ° Electric Current and Ohm's Law 
get a constant flow of charge in a metallic wire connecting the two conductors. + Electrical Energy 
The flow of charge in metallic wire constitutes electric current. The branch of isGale EMRani tated 
physics which deals with the charges in motion is called current electricity. : 
Resistance 
ELECTRIC CURRENT #ferchibolf Lams ane its 
Applications 


Ieis defined as the rate of flow of electric charge through any cross-section of a 
conductor. It is denoted by /. Electric current can be expressed by 
Total charge flowing (q) 


Time taken (t) 


di 
IFthe charge dy flows through a conductor for small time dt, then J = “1. 


Tt means that the current through a conductor at a time is defined as the first 
derivative of charge passing through a cross-section of the conductor in a 
Particular direction with respect to-time. 

If n= number of charges, ¢ = electric charge and = time, 


then [here, ¢=ne] 


Conventionally, the direction of electric current is along the direction of 
Motion of positive charges and opposite co the direction of motion of negative 
charges, 


Electric current is not always steady and hence more generally, we can define 
Me current as follows 
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Let Aq be the net charge lowing through a cross-section of 
the conductor in a particular direction during the time 
interval Ar [i.c. between times ¢ and (¢+ An}. Then, at 
time 4, the current in the conductor is given by 


Current is a scalar quantity, Although ic represents the 
direction of flow of positive charges, it does not follow the 
laws of vector addition (since the angle between the wires 
carrying current does not affect the toral current). It follows 
the laws of scalar addition. 

Unit of Electric Current 

The SI unit of current is ampere and it is represented by A. 


1 coulomb (C) _ 


= I coulomb per second 
T second (s) r 


or 1 Cs7?. Current through a wire is said to be one ampere, 
if a charge of one coulomb flows through any cross-section 
of the wire in one second. 


1 ampere (A) = 


ctrons pass through a lamp 


EXAMPLE [1| How many ele 
‘A? Given, the charge on an 


in 1 min, if the current is 300 m. 

electron is 1.6 x 10°C. 

Sol Given, current, [= 300 mA 
Charge on one electron, 


300x107 A. 
16x10 C 


Time, f =1 min = 605 

Charge passing through a lamp in 1 min, q=1%¢ 
= 300x107 x60 

Let n electrons pass through the lamp in 1 min, 


300107 x60 


4 =ne= n= 
si € 1.610 


=1.125 x10" C 


J Important Points Related to Flow of Current 

er of convention, the direction of flow of positive 
tion of current, This is called 
Conventional current. The direction af flow af electrons gives 
the direction of electronic current. Therefore , the direction of 
electronic current 1s opposite to that of conventional current, 
Ifthe current varies with time, if is represented by differential 
Further, Js same, even when 


Asa matt 
charge gives the direc 


aq 
limit of g, We 1 = 
is a 


cross-sectional area is different at dilferent points of the 
conductor. 
Through a cross-secilon of the conductor in a time f, if a 
positive charge q, is flowing trom Ato Band a negative charge 
4g; Is flowing from Bto A then otal current through the 
conductor is given by 

aby he Ath 

he at t 
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ightning, is of 


‘The electric current, which flows during the 
However, the 


the order of tens of thousands of amperes. 
in microamperes. 


current in our nerve: 


Current Density 
ity ata point in a conductor is the ratio of 
conductor to the area of 
hat point.[f a current Fig 
cross-section A of 
at that point is 


‘The current det 
the current at that point in the 
cross-section of the conductor at « 
distributed uniformly over the 
conductor, then the current density 


j= 


4) 
fa point inside the conductor. 


Ic isa characteristic property © 
ion at a point is the direction cf 


is a vector quantity. Its direct 
flow of positive charge ac that point. 


‘The SI unit of current density is Am™. 


aluminium wire of diameter 0.24 a 

is connected in series to a copper wire of diameter 

0.16 cm. The wires carry an electric current of 104 
Determine the current density in aluminium wire. 

em, 


EXAMPLE [2] 40 


Sol. Given, diameter = 
0.24 x10" 


2 


=012x107%m 


radius, r= 


and current, | =10 A 


Current density, J 


10 eA 
oT 2 eet Am 


~ 3.14 x (0.12107) 


Electric Current in Conductors 
All metals are good conductors of electricity. The elecetie 
conduction in them can be explained by an electron theo 
In an atom of a substance, the electrons in the orbits close. 
the nucleus are bound to it due to the strong aceraction © | 
the nuclear positive charge, but the electrons fae from | 
s experience a very weak attractive force. 
sily from the 
). In fee? 
ia 


ce, the outer electrons can be removed &: 
atom (by rubbing or by heating the substance) 
few outer electrons leave their acoms and move freel 
the substance (in the vacant spaces beew : 
These electrons called free electrons or conduct 
electrons, They carry the charge in the substance from 
ice 10 the other, Therefore, the electrical conductivity 
solid substance depends upon the number of free elect) 
in it, In metals, this number is quite large (= 10” 


Hence, mal are good conductors of electricity. 
the best conductor of clectricity than coppers 8° 
aluminium, respectively. | 


Id 


Current Electricity 


In liquids and gases, electric conduction takes place k 
movement of both positive and negative chance 
unlike in metals, where the electric conduction one ae 
the movement of negative charge caries (he oe 
Incase ofa liquid conductor sch as electrolytic soluvion 
there are positive and negative charged ions. which oat 
move on applying electric field, and hence generating she 
dlecric current. Whereas in case of a solid conductor (ra 
Cu, Fe, Ag, etc.) atoms are tightly bound to each othe, They 
consist of large number of free electrons, which ae 
responsible for the strong current in them when electric field 
is applied on them. 


There are some other materials in which the electrons will 
be bound and they will not be accelerated, even if the 
electric field is applied, i.e. no current on applying electric 
field. Such materials are called insulators. e.g. Wood, 
plastic, rubber, etc. 

In our discussions, we will focus only on solid conductors in 
which the positive ions are at fixed positions and the current 
is carried by the negatively charged electrons. 


Flow of Electric Charge 


When no electric field is applied on a solid conductor, the free 
electrons in them move like molecules in 2 gas due to their 
thermal velocities. There is no preferential direction for the 
velocities of the electrons. The average thermal random 
velocity is zero, Due to this, there 1s no net flow of electric 
charge in a particular direction inside the conductor and 
hence no current flows in it. 

When an electric field (s applied on a solid conductor, in the 
shape of a cylinder of circular cross-section by attaching 
Positively and negatively charged circular discs of a dielectric 
of the same radius as that of the salid conductor, at the two 
ends, an electric field is generated in the conductor from 
Positive charged disc towards negative charged disc. 
Electrolytic solutions are conductors of different types in which 
positive and negative charges can move. 


OHM’S LAW 


Itstates thar the current J flowing through a conductor is 
always directly proportional to the potential difference V 
across the ends of the conductor, provided that the physical 
nditions (temperature, mechanical strain, etc.) are kept 
Constant. Mathematically, 
TeV or Vel or 

Where, & is resistance of the conductor. 

_ lis value depends upon the length, shape and the nature of 
the material of the conductor. It is independent of the 


<é 
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values of Vand J, Such conductors are 
said to obey Ohm's law, For an ohmic 
conductor, the yraph benween Vand 7 
is a straight line as shown in the r 
figure. o 


EXAMPLE |3| A potential difference of 3 V is applied 
across a conductor through which 5 A of current is 
flowing. Determine the resistance of the conductor. 

3V 


Sol. Given, potential difference, V 


Current, 5A 
v 
According to Ohm’slaw, R= = R= == 0602 


Resistance of a Conductor 
It is defined as the ratio of the potential difference applied 
across the ends of the conductor to the current flowing 
through ir. 

Vv 


f 
The SI unit of resistance is ohm and denoted by Q. 


volt (V) 
1 ohm (Q) = Lot Y)_ 
1 ampere (A) 


Mathematically, ® 


= 1 volt/ampere (or V/A) 


The resistance of a conductor is said to be one ohm, if one 
ampere of current flows, when a potential difference of one 
volt is applied across the ends of the conductor. 


electrical 


Dimensional formula of resistance is 
[ML?T 3A], 
The resistance of the conductor depends upon the 
following factors 
(i) It is directly proportional to the length of the 
conductor. 
ive. Rel (i) 
(ii) It is inversely proportional to the area of the 
cross-section of the conductor. 


ie. Ret 


ii) 
From Eqs. (i) and (ii), we get 
(iii) 


where, p is the constant of proportionality known as 

ivity or specific resistance of the conductor, 

(iii) It depends upon the nature of the material and 
temperature of the conductor, 
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EXAMPLE [4] A negligible small current is passed 
through a wire length 15 m and uniform cross-section 
6x 10°’ m’ and its resistance is measured to be 5 Q. What 


is the resistivity of the material at the temperature of the 


experiment? NCERT 
Sol. Given. R=5Q, A =6x107 m? and /=15m 
Let the resistivity of the material be p. 
=. Resistance of wire, R= pt 
RA, SROXIO™ _ 3 oF Gay 


= a 


‘Thus, the resistivity of the material at the temperature of 
the experiment is 2x 107’ Q-m. 


EXAMPLE [5] Consider a thin square sheet of side L and 
thickness t, made of a material of resistivity p. The 
resistance between two opposite faces, shown by the 
shaded areas in the figure. (2010) 


= 


Note Here, A is independent of L 


Effect of Temperature on Resistance 
Resistance of a metallic conductor at temperature 
£°C is given as 

R, = Ry (1+ a + Br?) vali) 
where, Ry = resistance of conductor at 0°C and a, bare the 
temperature coefficients of resistance. 


If che temperature ¢°C_ is not sufficiently large which is so 
in most of the practical cases, then Eq, (i) can be written as 


= Ry. or | a= ko 
Ly KE 


Change in resistance 


Original resistance x Rise of temperature 


Therefore, temperature coefficient of resistance is defined as 
the increase in resistance per unit original resistance per 
degree celsius or kelvin rise of temperature, 

For metals, the value of ©. is positive, therefore, resistance of 
the metal increases with rise in temperature, 
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For insulators and semiconductors, the value of 
is negative, therefore, resistance decreases with rise iy 
temperature. 

For alloys, the value of o: is very small. The value of ¢ ; 
different at different temperatures. Temperature coefficjey, 
of resistance averaged over the temperature range fC t0,%¢ 
is given by x 


where, Ryand Ry are the resistances at ¢7C and 4c 


respectively. 


EXAMPLE [6] A silver wire has a resistance of 2194 
27.5°C and a resistance of 2.7 Q at 100°C. Determine th: 
temperature coefficient of resistivity of silver. NCERT 
Sol. Given, t, = 27.5°C, t, =100°C 
R, = Ryys = 21 Qand Ry = Ryog= 272 
<. Temperature coefficient of silver is given by 


== _ _ 27-74 _ pg gg3gec+ 
R (t,t) 2.1 100~ 275) 


DRIFT OF ELECTRONS AND 
THE ORIGIN OF RESISTIVITY 


Drift Velocity 


Ir is defined as the average velocity with which the fet 
electrons ina conductor get drifted towards the positiveet! 
of the conductor under the influence of an electric fil! 
applied across the conductor. Ir is denoted by v. The dit 


velocity of electron is of the order of 107+ ms~'. ij 
fs 


Let V be the potential difference applied across the ends¢” 
conductor of length /, then the magnitude of electric field 
gst 
/ ‘ive 
The direction of electric field is from positive to neg” 
end of conductor as shown in figure. Since, the charge” 
an electron is —¢ and each free electron in the condud 
experiences a force F 
A Pack ; 
Here, negative sign indicates that the direction of for 
opposite to that of electric field applied. 
+ mad | 
() Fe=c8 -[) 


+——1——i 


é 


H 


v 
Current in a metallic conductor 


Current Electricity 


Acceleration of each electron is given by 


cE 


[om Newton's second law, a= ‘| 


m 
sbi inuaial dheeleciaa: 
Under the effect of applied electric field, the free electrons 
accelerate and acquire a velocity component in a direction 


opposite to the direction of electric ficld in addition to theix 
thermal velocities. 


However, this gain in velocity of electron due to the electric 
field is very small and it is lost in the next collision with the 
jon/atom of the conductor. 


Acany instant of time, the velocity acquired by electron 
having thermal velocity u, is given by 
vy =uytar, 
where, 1, is the time elapsed as: it has suffered its last 
collision with ion atom of conductor. 
Similarly, v7 =u,+aty,... 
vi tvot..+v, 


s¥, =D, Rb, 


«. Average velocity 


Vd 
" 


_ (uy tar)+(u,t+arz)+--+(u, tar,) 
i. n 
alt, +1, +...4+4,] 


uy tia tack tly 


n ” 


u,tu,t+..tu 
We know that, —-——4*—_* 


n 


t +t, 
1 . . 
and “ is called average time elapsed or 


average relaxation time and is denoted by t. Its value is of 
the order of 10-4 s, 


cE 
grat 


vy =O+aT or vy =aT or 
m 


Negative sign shows that v, is opposite to the direction 


of E, 
3 cE 
* | Average drift velocity, vy =——T 


Average relaxation time 
= Mean free path of clectron/drift speed of electron. 


Relation between Drift Velocity 
and Electric Current 


Nsider a conductor of length / and A be the uniform area 
Sross-section, 


* Volume of conductor = Al 


F F 
the conductor contains free electrons 7 per unit volume. 
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Then, number of free electrons in the conductor = Al 
Ife is the charge of an electron, then toral charge on alll free 
electrons in the conductor is given by 

q=nAle --(i) 
Time taken by the free electrons to cross the length of che 
conductor 


l 


«+ (ii) 


t 
vy 

Since, current is the rate of flow of the charge through 

conductor. 


Using Eqs. (i) and (ii), we get 


nAle 
Tivg = |l=neAv, 


Eq. (iii) gives the relation berween the current flowing 
through the conductor and drift velocity of the electron. 


.--(iii) 


E 
Putting the value of 4(= =) in Eq. (ii), we get 
” 


Ane*tE 


m 


EXAMPLE |7| Estimate the average drift speed of 
conduction electrons in a copper wire of cross-sectional 
area 1.0107’ m? carrying a current of 1.5 A. Assume the 
density of conduction electrons to be 9 x10°>m>. 
All India 2014 
Sol. Given, cross-sectional area, A = 1.0107 m* 
Current, = 158 


Electron density, n= 9x10°%m™> 


Drift velocity, vy =? 
We know that, I = neAvy 
I ‘ 1S 


> vy = = 
1 ned 9x10" 1.610 X10 x107 


= 1.042 X10 m/s 
Deduction of Ohm’s Law 


2 E 
We know thar, / =A" "= snt'v, 2 ce (< *) 
m m 


eV Ane?t 
= sSt|= Vv 
sa, iain 
or us ie = R= constant 


1 Ane? 
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v 
* =k = 
I 


This is called Ohms law. 
Mobility 


Its defined as the magnitude of drift velocity of charge per 
unit electric field applicd. Ir is expressed as 


= Drift velocity (vy) _ gE tim _ gt 
Electricfield(E) = Eom 


where, T is the average relaxation time of the charge while 
drifting towards the opposite electrode and is the mass of 
the charged particle. 


ar 


Mobility of electrons, [1, = 


mm, 
ar et 

and mobility of holes, 1, =—*. 
7, 


where, T, and, are average relaxation time for electrons 
and holes, respectively. m, and m, refer to mass of electrons 
and holes, respectively. Charge on either is e. 

The SI unit of mobility is m?s“'V ~! orms™'N7'C and itis 
in the order of 10°. The practical unit of mobility is 
(Cm?/V-s). Mobility is a positive quantity. 

The total current in the conducting material is the sum of 
the currents due to the positive current carriers (holes) and 
negative current carriers (electrons). 


EXAMPLE [8| Find the current flow through a copper 
wire of length 0.2 m, area of cross-section 1 mm’, when 
connected to a battery of 4 V. Given that, electron 
mobility is 4.5 x 10” ®m*s *V~" and charge on an electron 
is 1.6 x 107°C. The number density of electrons in copper 
wire is 8.5 x10 m™*. 

Sol. Given, length of copper wire, | = 


Cross-sectional area, A = 
Potential difference, V = 4 V 

Electron mobility, = 4.510" ° m’s 
Charge of an electron, e = 1.6107" C 
Number density of electrons, n = 6.510" 


We know that electric field set up across the conductor, 


y 
g=%=4c20VIm 
1 02 


.. Current through the wire, / = nAe vy = nAept E 


We vylE) 
85x 10% x 10° * x 1.6% 10" x 4,5 10" © x 20 
122A 
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Limitations of Ohm’s Law 


The devices which do not obey Ohm's law are ex, 
non-ohtmic devices, such as vacuum tubes, semicondy 


_ (Vv 
diodes, transistors etc. The relation [= 2 ) is valid 
ft 


tog 


both, ohmic and non-ohmic devices. 
For ohmic conductors, value of & is constant. 

For non-ohmic devices, value of R is not constant, ig 
Ohm's law fails. 

The limitations of Ohm's law are given below 


Variation of potential difference with current 


(i Potential difference may vary non-linearly wid 
current. 
Gi) The variation of current with potential difference mz 


depend upon sign of potential difference applied. 
mA) 


Reverse bias 
™) 


Forward bias 


TT) 
Variation of current according to the 
sign of potential difference 


(iii) The relation between potential difference and curt 
is not unique, ic. there is more than one value 
for the same current /. 


Nogative 
resistance 
region 


4 (mA) Nonstinear 
region 


Graph of current versus potential difference for GaAs 


RESISTIVITY OF 
VARIOUS MATERIALS 


fe 


Specific resistance or resistivity of the maceritl “iy 
conductor is defined as the resistance of a unit lene 
unt 
i 


coh 
induct 


df! 


area of cross-section of the material of the £0 
it is also defined as the resistance of unit 


Current Electricity 


material of the given conductor, 
ohm-metre or Q-m and 
MET?A™)]. 


The unit of resistiv 


; r ‘ity is 
its dimensional i 


formula 


Since,weknowthat — R=p4 -, y_ RA 


5 =< (i) 
Substituting the value of R = ta in Ea. (, 
ne“ AT 
We have, p= (4) A 
ne“At) 1 


ae 4 mI 
«. Resistivity of the material, os 
ne“t 


From the above formula, it is clear that resistivity of a 
conductor depends upon the following factors: 
(p=, 
2 
proportional to the number density of free electrons 
(number of free electrons per unit volume). 


ie. resistivity of a material is inversely 


As the free electron density depends upon the nature 
of material, so resistivity of a conductor depends on 
the nature of the material. 


(ii) peel/t, ie, resistivity of a material is inversely 

proportional to the average relaxation time of free 
electrons in the conductor. 
As value of t depends on the temperature of 
conductor, so resistivity of a conductor changes with 
temperature, as temperature increases, T decreases, 
hence p increases. 


Resistivity of Different Materials 


Name ofthe Resistivity at Name of the Resistivity 
materials 0°C(Q-m) materials at orc 
— ____{-m) 
\.Conductors 2. Semiconductors 
() Metals Carbon 3.5 x 10°® 
Silver 1.6% 10°® Germanium 0.46 
Copper 1.7x10°* Silicon 2300 
Aluminium 2.7 x 10°® 3, Insulators 
Tungsten 5.6.x 10°" Glass 10'°-101* 
tron 10x10" Hard rubber 10'°-10" 
Platinum 11x 10°® Mica 10''-10'" 
Mercury 98x 10° Wood 10-10" 
(i) Alloys Amber 5x 10! 
Nichrome  ~100 10°8 
Manganin 48 <107® 
Constantan 49x 10° 
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EXAMPLE 9| Find the time of relaxation between 
collision and free path -of electrons in copper at room 
temperature, 

(Given, resistivity of copper = 17 x 10° * Q-m, density of 
electrons in copper =85 10% m~*, charge on an 
electron = 1.6 x 10°” C, mass of electron = 9.1 x 10°" kg 
and drift velocity of free electrons = 16 x 10°* ms~) 
Sol. Given,p =1.7 «107* O-m,n 

© =16x10°" Cm, 


and vy =1.6%10° "ms 


85x10" mr? 


1x10" ke 


We know that, p= 


ne*t 
~. Relaxation time, 
me 91 x10" ** 
np (16x10) x85 x10" x17 x1 
= 25x10" s 


- Mean free path of electron (distance covered between 
two collisions) 


SyyT=16X10 4 x 25x107 =4x107 m 


Temperature Dependence of Resistivity 


Resistivity of a metal conductor is given by 


P=poll+ a (7 -7,)] .) 
where, P= resistivity at temperature 7, 
and Py = resistivity ac temperature Ty 
—_P-Po | dp 1 
Poll -Ty) Po aT 

Thus, temperature coefficient of electrical resistivity is also 

defined as the fractional change in electrical resistivicy a 
Po 


per unit change in temperature d7; 
For metals, the value of @ is pos 
metal increases with increas 


ve, therefore resistivity of 
in temperature, 


Resistivity as a function of temperature for metals 


Eq.(i) implies that a graph ofp plotted against Twould be a 
straight line. At temperatures much lower than 0°C, the 
graph deviates considerably from a straight line, Eq.(i) can 
be used approximately over a limited range of T around any 
reference temperature Ty, where the graph can be 
approximated as a straight line. 
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For semiconductors, the resistivity decreases with’ increase 
in temperature, 
p 


T 
Resistivity as a function of temperature for semiconductors 


For alloys, the resistivity is very large, but has weak 
dependence on temperature. 


et 


T 
Resistivity as a function of temperature for alloys 


Blectric fuse is made of an alloy of zinc, copper, silver and 
aluminium. This is because alloys have low resistivity. This 
causes the wire ro melt, if a current more than safe current 
flows through the circuit. 


CONDUCTANCE AND 
CONDUCTIVITY 


Conductance 
Ic is defined as the reciprocal of resistance of conductor. It 
is expressed as 


Its SI unit is mho (2) or siemen (S). 
The dimensional formula of conductance isIML?T?A?]. 


Conductivity 


Ir is defined as the reciprocal of resistivity ofa conductor. It 


is expressed as j 
o=- 
Pp 


The SI unit is mho per metre (27! m7!) or siemen per 
metre (S/m). 

The dimensional 
[M"L?T?A?). 


formula of conductivity is 


EXAMPLE |10| A wire carries a current of 0.5 A, whena 
potential difference of 1.5 V is applied across it. What is its 
conductance? If the wire is of length 3m and area of 
cross-section 5.4 mm*, then calculate its conductivity. 
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Sol. Here, 1 =05A, V=15V, l= 3m 
Azsamm’® =54 «10° 6m? 
v_15 


7 eee =30 
. New resistance, R= = 9, 
geizl=os3s 
v Conductance, G=—=3 
and electrical conductivity, 
1_! $s : 
o=-= 7 = 1.85 x10 Sm! 


ry BA 3x54x10" 


Relation between J, 6 and £ 
(Microscopic form of Ohm’s Law) 


Since, the relation berween the current flowing through 
conductor and drift velocity of electron is given by 


T=ndevg 


or 


It is a microscopic form of Ohm’s law. 


Classification of Materials in 
Terms of Conductivity 4 


‘ ae i 
On the basis of conductivity, the materials can be classifi 
into the following categories 

Insulators } 
These are materials whose electrical conductivity is ei 
very small or nil, e.g, glass, rubber, etc, | 


Conductors 


These are materials whose electrical conductivity 
high, e.g, silver, aluminium, etc, 

Semiconductors 
These are thos i ivi 
These are those materials whose electrical conducti¥i 


in between thy fi 
at of insulator: a 
tena ators tots; 
germanium, silicon, ete, and! conde 


Note | 
roaisiiy er A thermistor is a heat sensitive device W 
A time ety FBI wth change of temperate ip 
ve a r9: 1 

ce upon ts conten. in the range of 0.19! 

upercond: i p 
210, vihen en, The resistivity of certain metal or alloY ot 

superconductivty free oe Below a certain temperature IS o 
I Was observed by Prof. Kamerlingh in 191" 
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Current Electricity 


| TOPIC PRACTICE 1 | 


OBJECTIVE Type Questions VERY SHORT ANSWER Type Questions 


if Twenty million electrons reaches from point X 
to point Yin two micro second as shown in the 


figure. Direction and magnitude of the current is 


8. I-V graph for a metallic wire at two different 


temperatures T, and T; is as shown in the 
figure below. 


——— 
Y x N 
(a) 1.5x107' A from X to Y 
(b) 16x10 A from Yto X | Ta 
(0) 15x10"? A from ¥ to X 
(d) 1.6x10~ A from X to ¥ 
v— 
2. The relation between electric current density (J) Which of the two temperatures is lower and 


and drift velocity (v,) is 


any conductor depends on 
(a) cross-section (b) temperature 
(©) length (d) None of these 


why? Delhi 2015 


(a) J=nev, ) bee 9. Graph showing the variation of current versus 
id ij voltage for a material GaAs is shown in the 
@i-— (d)J=nev3 figure. Identify the region of 
where, ¢ is the charge of electron and n is the | 
number of electrons. 4 
3. Ifdrift velocity of electron is v, and intensity of 8 
electric field is E, then which of the following 3 
relation obeys the Ohm's law? Voltage V 
(@) vg = constant (b) vy & E a P : 
v= VE (4) vy & E# @ negative paeletanee, 
‘ (ii) where Ohm’s law is obeyed. All India 2015 
4. Which of the following'characteristics of 10. 7 
electrons determines the current in a . Why are alloys used for making standard 
conductor? NCERT Exemplar resistance coils? NCERT Exemplar 
(a) Drift velocity alone 11. Two materials Si and Cu, are cooled from 300 
(&) Thermal velocity alone K to 60 K. What will be the effect on their 
(c) Both drift velocity and thermal velocity resistivity? Foreign 2013 
(4) Neither drift nor thermal velocity 12. When electrons drift in a metal from lower to 
5. The dimensional formula of resistance is anes ee does it mean that all the free 
a) [ML?T 2,42 M@T@A2 electrons of the metal are moving in the same 
@)(ML°T A] ©) (MOLT A direction? Delhi 2012 
(©) [ML?T? a7] (d) (MTP A] 
13. Define the term mobility of charge carriers in a 
6. The resistance of a 10 m long wire is 10. Its conductor. Write its SI unit. Delhi 2014 
length is increased by 25% by stretching the wire 14. The relaxation time tis nearly independent of 
uniformly. applied E field, whereas it changes 
The resistance of wire will change to significantly with temperature T. First fact is 
(a) 1250 (b) 14.52 {in part) responsible for Ohm's law, whereas 
© 1569 (d) 16.6.2 the second fact leads to variation of p with 
' ra E ? 
7. Multiplication of resistivity and conductivity of Femperaiure. Elaborate why? NCERT Exemplar. 
15. Is the motion ofa charge across junction 


momentum conserving? Why or why not? 
NCERT Exemplar 
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16. 


Specific resistances of copper, silver and 


‘ constantan are 1.78 x 107 Q-cm, 10° © Q-em and 


17. 


48 x 10” © Q-cm, respectively. Which is the best 
conductor and why? 
For wiring in the home, one uses Cu wires or Al 


wires. What considerations are involved in this? 
NCERT Exemplar 


SHORT ANSWER Type Questions 


18. 


19. 


20. 


21. 


What conclusion can you draw from the 
following observations on a resistor made of 


alloy manganin? NCERT 
Current Voltage Current Voltage 
(in A) (in V) (in A) (in) 
02 3.94 30 59.2 
04 7.87 4.0 78.8 
06 118 5.0 98.6 
08 15.7 60 118.5 
1.0 19.7 7.0 138.2 
2.0 39.4 8.0 158.0 


A metal rod of square cross-sectional area A 
having length / has current I flowing through it 
when a potential difference of V volt is applied 
across its ends (Fig. I). Now, the rod is cut parallel 
to its length into two identical pieces and joined 
as shown in Fig. II, What potential difference 
must be maintained across the length of 2!, so 
that the current in the rod is 

still? 


—V— 
+ — 
T To 
oO apn 
Forelgn 2016 


Aconductor of length / is connected to a DC 

source of potential V. If the length of the 

conductor is tripled by gradually stretching it, 

keeping V constant, how will 

(i) drift speed of electrons and 

(ii) resistance of the conductor be affected? 
Justify your answer. Foreign 2012 


Using the concept of drift velocity of charge 
carriers in a conductor, deduce the relationship 


"between current density and resistivity of the 


22. 


conductor. Delhi 2015 C 

(i) A wire of resistivity p is stretched to three 
times its length. What will be its new 
resistivity? 
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(ii) In what manner, do the relaxation time jy | 
the good conductor change when its 
temperature increases? 


Define mobility of a charge carrier. Write the 
relation expressing mobility in terms of 
relaxation time. Give its SI unit. All India 2913 


23. 


Draw a plot showing the variation of 
resistivity of a (i) conductor and (ii) 
semiconductor, with the increase in 
temperature. How does one explain this 
behaviour in terms of number density of 


charge carriers and the relaxation time? 
Delhi 2014¢ 
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LONG ANSWER Type I Questions 


25. (i) Deduce the relation between current I 
flowing through a conductor and drift 
velocity v, of the electrons. 

(ii) Figure shows a plot of current I flowing 
through the cross-section of a wire versu 
the time f. Use the plot to find the charge 
flowing in t, second through the wire. 

1) 


To 


| 


Qo q (8) 


26. Define relaxation time of the free electrons 
drifting in a conductor. How it is related to the | 
drift velocity of free electrons? Use this 
relation to deduce the expression for the 
electrical resistivity of the material. 

All India 20!? 


27. 


Find the relation between drift velocity and 
relaxation time of charge carriers ina 
conductor, 

Aconductor of length L is connected to a D¢ 
source of emf E. If the length of the conduct" 
is tripled by stretching it, keeping E consta" 


explain how its drift velocity would be 
De 


affected. hi 20! 


28. (i) Define the term of drift velocity, 

(ii) On the basis of electron drift, derive ™ 
expression for resistivity of a conduct 
€rms of number density of free elect! 
and relaxation time. On what factors f 
resistivity of a conductor depend? 


-gurrent Electricity 


(iii) Why alloys like co 


nstantan’ 
are used for makin, tan and manganin 


8 Standard resistors? 
Delhi 2016 
29, Plot a graph showing temperature de; 
of resistivity for a typical scmnlecndunee nese 
is this behaviour explained? Delhi 2011 


Aconductor of length /is connected toa 

DC source of Potential V. If the length of the 

conductor is tripled by gradually stretching it, 

keeping V constant, how will ‘ 

(i) drift speed of electrons and 

(ii) resistance of the conductor be affected? 
Justify your answer, Foreign 2012 


(a) Define the term ‘conductivity’ of a metallic 
wire. Write its SI unit. 

(b) Using the concept of free electrons in a 
conductor, derive the expression for the 
conductivity of a wire in terms of number 
density and relaxation time. Hence, obtain 
the relation between current density and the 


applied electric field E. CBSE 2018 


LONG ANSWER Type II Question 


32. (i) Derive an expression for drift velocity of, 
electrons in a conductor. Hence, deduce 
Ohm's law. 

(ii) A wire whose cross-sectional area is 
increasing linearly from its one end to the 
others, is connected across a battery of 
Vvolts. Which of the following quantities 
remain constant in the wire? 

(a) Drift speed (b) Current density 
(c) Electric current (d) Electric field 
Justify your answer. Delhi 2017 


NUMERICAL PROBLEMS 


33. Two conductors are made of the same material 
and have the same length. Conductor Ais a 
Solid wire of diameter 1 mm. Conductor Bis a 
hollow tube of outer diameter 2 mm and inner 
diameter 1 mm. Find the ratio of resistance R , 
toR,. NCERT Exemplar 


30. 


31. 


34. 


Awire is stretched to increase its length by 5%. 
Calculate percentage change in its resistance: 


35. 


At room temperature (27°C), the resistance of a 
heating element is 100 . What is the 
temperature of the element, if the resistance is 
found to be 117 Q, given that the temperature 


36. 


37. 
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coefficient of the material of the resistor 1s ur 
1.70x 10° 4°C"!, Ni 


Aheating clement using nichrome Sopnecies te 
a 230 V supply draws an initial current of 

which settles after a few seconds to a steady 
value of 2.8 A. What is the steady temperature 
of the heating element, if the room temperature 
is 27°C? Temperature coefficient of resistance of 
nichrome averaged over the temperature range 
involved is 1.70 x10" * °*C~'. NCERT 


Aresistance coil marked 39 is found to havea 
true resistance of 3.1159 at 300 K. Calculate the 
temperature at which marking is correct. 
Temperature coefficient of resistance of the 
material of coil is4.2x10°°C". ait India2014 


| HINTS AND SOLUTIONS | 


() Given, number of electrons, 
'N = 20000000 = 2 x 10” 
Total charge on twenty million electrons is 
q=Ne 
= 2x10" x 1.6x10%C 
=3.2x10"C 


Now time taken by twenty million electrons to pass from 
point X to point Yist = 2ys = 210s 


(re=16x10"9 


Since, the direction of the current is always opposite to 
the direction of flow of electrons. Therefore due to flow 
of electrons from point X to point Y, the current will 
flow from point ¥ to point X. 


(a) Current density, J = Z T=ne Avy = J=nev, 


. (b) Drift velocity vy =—“2r yy < E 
m 


}. (a) The relationship between current and drift speed is 


given by 
T='ne Ay 

Here, Fis the curtent and v, is the drift velocity, 

So, 


Thus, only drift velocity determines the current in a 
‘conductor, 


Tey 


1 
. (c) Resistance, R= p— 
(c) Resistance, a 


= (MUTA JEL] =(ML-T“A~] 
w) 
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5. 


9: 


10. 


12. 


14. 


15. 


sl 
. 
Since, volume of wire remains unchanged on increasing 


Tength, hence 


| 


Given, = 74 T= 


a] or A, =4A 


Given, R= pl/A=102 and R, = 2b. = PSI _ 259! 
A, 4AB 16A 
= Re Bx Meiscg 
16 16 


(a) Resistivity and conductivity of conductor depends on 
the nature of substance. 


Since, slope of 1> slope of 2 

a R<R, ’ 

Also, we know that resistance is directly proportional to 

the temperature. 

Therefore, T, >T,. 

(® DE is the region, of negative resistance:because the 
slope of curve in this part is negative. 

(ii) BC is the region, where Ohm's law is obeyed 


because in this part, the current varies linearly with 
the voltage. 


Alloys have small value of temperature coefficient of 
resistance with less temperature sensitivity. This keeps 
the resistance of wire almost constant even in small 
temperature change. Thus, alloy also has high resistivity 
for given length and cross-sectional area of conductor. 
In silicon, the resistivity increases with decrease in 
temperature. 


In copper, the resistivity decreases with decrease in 
temperature. 


Yes, all the free electrons drift in the same direction, 


. Mobility of charge carriers inside conductor is defined 


as the magnitude of drift velocity of charge per unit 
electric field applied 

SI unit of mobility is m*s~'V~ or ms“'N“'C, 

Relaxation time is inversely proportional to the 
velocities of electrons and ions. The applied electric field 
produces the insignificant change in velocities of 
electrons at the order of 1 mm/s, whereas the change in 
temperature T affects velocities at the order of 10° m/s, 


This decreases the relaxation time considerably in 
metals and consequently resistivity of metal or 
conductor increases as, p= ee 

i 
When an electron approaches a junction, in addition to 
the uniform electric field E facing it normally, it keeps 
the drift velocity fixed, as drift velocity depends on E by 


the relation of drift velocity, vy = “2% . 
m 


This results into accumulation of charges on the surface 
of wires at the junction. These produce an additional 
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electric field. These fields change the direction 
conserving momentum. Thus, the motion of a charge 
junction is not momentum conserving. 

1G. The best conductor is silver because electrical 
conductivity is inversely proportional to the Tesistivity 
and resistivity of silver is least. 

17. The Cu wires or Al wires are used for wiring in the 
home.The main considerations involved in this process 
are cost of metal and good conductivity of metal. 

18. Here, Ohm's law is valid because ratio of voltage and 
current for different readings is same. 

Also, the resistivity of alloy manganin is nearly 
independent of temperature. 

19. From Ohm's law, we have V = IR 

. I 
[: R= 3 ~ 
When the rodis cut parallel and rejoined by length, the 
length of the conductor becomes 21, whereas the area 


I 
V=Ip— 
> Pa 


decrease to 4 If the current remains the same, then the 
potential changes as 


al iy . 
V = p——=4x Ip—=4vV using Eq. (i) 
Lars Lore [using Eq. @] 
The new potential applied across the metal rod will be 
four times the original potential (1). 
20. The potential, V = constant, I’ = 31 


(i) Drift speed of electrons, vy = 
lp 


1 7 
vers [-.other factors are constan!] 


So, when length is tripled, drift velocity gets 
one-third. 


(ii) Resistance of conductor is R= on, 
A 
Here, wire is stretched to triple its length, that mea 


the mass of the wire remains same in both condition 
Before stretching mass = After stretching mass 


MM, ; 
> Vip, = V2P, (eps =P 
or Al = Agl, | 
Since, length is tripled after stretching. 
ATs A,GI) or A, =4 
; Poo 31 _9pl 
Hence, R’=p—— =p! _ 9p! "= OR 

Oy PAB on 


Thus, new resistance is 9 times of its original val 
21. Refer to text on Page 130. 


22. (i) Resistivity is a property of the material, it does "™ 
depend on the dimensions of the wire. Thus, whea!™ 

wire is stretched, then its resistivity remains 50! 

(ii) Refer to text on page 129. ; 


23. Refer to text on Page 128. 


current Electricity | «2... i 


24, Refer to text on pages 128 and 129 


25. (i) Refer to text on page 127, 
(ii) Area under I-t cury “ 
through the conductor, 8 18 charge Mowing 


me ‘ 
FQXheh + (tt) xy, 


26. Refer to text on pages 127 and 128, 
27. Refer to text on page 127. 
Source of emf E is shown in the 


figure below , Conductor 
Suppose initial length of the 
conductor, J, = J). é 


New length, 1, = 31, ' 
We know that, 
drift velocity, vy = E , 


ay Cay a 


lectric field] 


(va, (Eods 
Ele i 
=a" 
> (vay, = 2 , ; 


Thus, drift velocity decreases three times. 


28. (i) Refer to text on page 126. i 2 
(ii) Refer to text on pages 127, 128 and 129. 
(iii) Alloys like constantan and manganin are used for 
making standard resistor because the resistivity of 
~ these alloys here weak dependent on the temperature. 
29. Refer to text on pages 129 and 130. 
30. When a wire is stretched, then there is no change in the 
matter of the wire, hence its volume remains constant. 
The potential V = constant, /’ = 3/ 


™ v 
() Drift speed of electrons = —— 


\nelp 
2 vel [+ other factors are constants] 
So, when length is tripled, drift velocity gets 
one-third. 
Y=Ve 
* Ah = Ale 
A,l= A; (3) 
eo [-- length is tripled after stretching] 
A, 
“ =f. 
Az 3 


Le. When length is tripled area of cross-section is 


reduced to 4 


Hence, oR 


we la]e 


u 
=9p—=9R 
oA 


‘Thus, new resistance will be 9 times of its original 
value. 


31. (a) Conductivity The reciprocal of resistivity of a 


conductor is known as conductivity. It is expressed as 


1 
o=- 


p 
The SI unit of conductivity is mho per metre 
(Q7'm™). 


(b) We:know that, drift velocity is given by 


yn EE wi) 
m 
where, e = electric charge, 
E = applied electric field, 
t=relaxationtime and m=mass of electron. 


But =4 (ie. potential gradient) 


(SIC) 0 


From the relation between current and drift velocit 
I=neAvy A 

(where, n= number of density of electrons) 

Putting the value of Eq. (ii) in Eq. (iii), we get 


I= nea( SE) or I -(4)r 


or v=(—™_|r fi 
(a) oe 
But according to Ohm's law, V = IR w(¥) 
From Eqs. (iv) and (¥), we get 
m)\t 
gn(-2.)4 i 
(Ja “9 
1 
Als, R=p2 = (vii) 


From Eqs. (vi) and (vii), we get 
p=—“ = resistivity of conductor. 

ne’t 
As reciprocal of resistivity of conductor is known as 


conductivity. 


2 
Conductivity, o = 4 = "2 
Pp om 


Now, we know that, current density, J = 


A 
: 
we 7 Mth ane =[*2) (=) 
A m m 
‘ 
v Jaok (vo-2=2] 
a 


B36 | Allzzone | PHYSICS Class 124 | 


$2_ (i) Refer to text on pages 126, 127 and 128, Resistance of heating element at temperature °C, 
(ii) The setup is shown in the figure. R, = 1172 eee 
Here, electric current remains = 1.70 x 10° *°C 
of thevwine, Eleete Rell se By using the formula of temperature coefficient of 
; i ne R- 
Femains constant whieh is equal th resistant!" ee PA ti) 
to— 
i Here, = 
Current density and hence drift speed changes. R, — Ren 
I Such that; a= R= 27) 
33. The resistance of first conductor, Ry = P a 


n(0.5'x 10") Substituting piven valuet in Baciiweget 


117-100 7 
——~——— or t= 27 = _—_____ 
100 (t — 27) 100 1.70 x10 
or t= 1000+ 27 =1027°C 


36. Given, potential difference = 230V 


‘The resistance of second conductor, = 

ie pl 1.7010" * = 

~ RIGO?) — (0.5 x10) 

Now, the ratio of two resistors is given by 
Ry _ (10°)? - (0.5 107) 


Ry 


ttt iti DOr eres 
Ry (05103)? Initial current at 27°C = jee =3.2 A 
Final current at t°C = Ijog = 2.8A 
34 Aston a wire is stretched, its volume remains constant, Room temperature = 27°C 

ice 1 
1A, =bA,=V [where, V= volume] ‘Temperature coefficient of resistance, o = 1.70 x 10-*°C* 

, 

Now, 7, =Ph-Phxh pl ie pop Resistance at 27°C, Ryya¢ = —V— = 230 _ 2300 


ae = 
A 4A, 


Tyg 32, 32 
Resistance at t°C,Rug = —W— = 230 _ 2300 
Two 28 28 
Temperature coefficient of resistance 


A 2300 | 
i) a Rae ag 32 | 
Ry(t = 27) 27) | 
= —_ 82.143- 71.87: 
or t-27= = 7 = 840.347 


=(2-1)s 5:1) me 71.875 X1.70 x10" | 
z or t= 8403+ 27 =8673°C 


wie. ame steady temperature of heating element is | 
35. Given, resistance of heating element at temperature ” 


27°C, Rey =100 2 37. 290.2K, refer to Sol. of Q. 35, 


|TOPIC 2| 
Electrical Energy 


ELECTRICAL ENERG 
AND POWER i 


Electrical Energy 


Iris defined as the total worlk done W 
Vin maintaining the electric curre 
fora specified time t. 


by the source of emf 
nt J in the given circuit 


According to Ohm's law, we have 
V=IR 
Total charge that crosses the resistor is given by 
Energy gained is given by 
E=W=Vg=V (I) =Vit 
SURIt=1?Rr [e 


2 
rR 
ie] * 
R 
y2) 
2 |E=ve= PR, | 
R 


The SI unit of electrical energy is joule (J), 


a 


where, 1 joule = 1 volt x 1 ampere X 1 sec = 1 watt X I'sec 


Commercial Unit of Electrical Energy 

To measure the electrical energy consumed commercially, 
the unit of energy, i.e. joule is not sufficient, So, to express 
electrical energy consumed commercially, a special unit 
aalled kilowatt hour is used in place of joule. 

IkWh is also called 1 unit of electrical energy. 1 kilowatt 
hour or J unit of electrical energy is the amount of energy 
dissipated in 1 hour ina circuit, when the electric power in 

€ circuit is 1 kilowart. 


1 kilowatt hour (kWh) = 3.6 x 108 joule (J) 


EXAMPLE |1| A resistance coil is made by joining in 
Parallel two resistances each of 10 Q. An emf of 1V is 
‘plied between the two ends of coil for 5 min. Calculate 
heat produced in calories. 
OL Given, resistance, R, =102, R, =102 

Voltage, V =1V 

and time, ¢ = 5 min 
5x60 s =3005 
Since, effective resistance in parallel combination will be 


RR, _ 1010 
R+R, 10+10 
v3 


=52 


R, 


60 
+. Heat produced x5 60= are cal 


. 


Electrical Power 


Itis defined as the rate of electrical energy supplied per unit 
time to maintain flow of electric current through a 
conductor. 


Mathematically, 


The SI unit of power is wart (W). 

where, 1 watt =Ivolt x lampere=1 ampere-volt. 

Power of an electric circuit is said to be one watt, if one 
ampere current flows in it against a potential difference of 
one volt. The bigger units of electrical power are kilowart 
(kW) and megawatt (MW). 

where, IkW= 1000 W and 1 MW =10°W 

Commercial unit of electrical power is horse power (HP), 
where IHP = 746 W. 


EXAMPLE |[2| A heating element is marked 210 V, 
630 W. What is the value of the current drawn by the 
element when connected to a 210 V DC source? 


Delhi 2013 
Sol. Given, P = 630W and V = 210V 
Since, P= VI 
Therefore, 1 = = 32 <3 
210 


TOPIC PRACTICE 2 | 


OBJECTIVE Type Questions 


1. A television of 200 W is used for 4h, then what 
is the value unit expense of electricity? 
{a) 50 (b) 20 (c) 08 (a) 0.2 

2, Two bulbs of 40W and 60W are connected to 
220V line, the ratio of resistance will be 
(a)4:3 (b) 3:4 (0) 2:3 (d)3:2 
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3. A100 W-220 V bulb is connected to a supply of 
10 V. The power dissipated in the bulb will be 
(a) 100 W (v) 50 W 
(c) 25 W (d)2w 


VERY SHORT ANSWER Type Questions 


4. Nichrome and copper wires of same length and 
same radius are connected in series. Current J is 
passed through them. Which wire gets heated 
up more? Justify your answer. All India 2017 


5. Name the unit of electric energy used for 
domestic purpose. 


6. What is the commercial unit of electrical energy 
and how is it related to joules? 


SHORT ANSWER Type Questions 


7. The potential difference applied across a given 
resistor is altered, so that the heat produced per 
second increases by a factor of 9. By what 
factor does the applied potential difference 
change? All India 2017 


8. Power Pis to be delivered to a device via 
transmission cables having resistance R,. IFV is 
the voltage across R and / the current through 
it, find the power wasted and how can it be 
reduced. NCERT Exemplar 


9. When is more power delivered to a light 
bulb, just after it is turned on and the glow of 
the filament is increasing or after it has been 
ON for a few seconds and the glow is steady? 


10. Two electric bulbs Pand Qhave their 
resistances in the ratio of 1: 2. They are 
connected in series across a battery. Find the 
ratio of the power dissipation in these bulbs. 

CBSE 2018 


NUMERICAL PROBLEMS 


fi. Two bars of radius rand 2r are kept in contact 
‘as shown in the figure. An electric current J is 
passed through the bars. Find the ratio of heat 
produced in bars AB and BC. 


+ 2 —> 
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12, Inan aluminium (Al) bar of 
square cross section, a 
square hole is drilled and is 
filled with iron (Fe) as 
shown in the figure. The 
electrical resistivities of Al 
and Fe are 2.7x10°° Q-m 
and 1.0 x 1077 Q-m, 
respectively. Tam 


Calculate the electrical resistance between the 
two faces P and Q of the composite bar. 


13. Aroom has ACrun for 5 hour a day at a voltage 
of 220 V. The wiring of the room consists of Cu 
of Imm radius and a length of 10 m. Power 
consumption per day is 10 commercial units, 
What fraction of it goes in the joule heating in 
wires? What would happen, if the wiring is 
made of aluminium of the same dimensions? 
[Given, pg, = 1.7x 107 8 O-m, pay = 2.7 x 10° * O-m 

NCERT Exemplar 


| HINTS AND SOLUTIONS 


1. (c) Dissipated energy in per second, 
p= 
t 
W=Pxt 
where, P=200W,t=4h 
=> W = 200x4 W-h 


Unit of dissipated energy 
= Natt x hours | 

1000 ] 

2 200x 4 


1000 

2 
(A) Power, p= 
R 


=08 unit 


N 


Given, R =40W, P, = 60W 


“ woo we Al 
Rx 
Ry 


On dividing Bg, (i) by Eq. ( 


ii), we get 


Current Electricity 


5. 


6. 


= 


10. 


|. For same length and same radius, 


ve 
- ) As we know, P= or P= Vx} 


For 100 W bulb, 100 = 220%) =, y= 100 _ 10 
2200 22 
Hence, the power dissipated for 100W. bulb will be 


P=Vx1=110x2 =50W 
22 


resistance of wire, 
Rep (where pis resistivity) 
As Prichrome > Peopper 

Hence, resistance of nichrome section is more, 


In series, same current flows through both sections and 
heat produced = I?Rt. So, more heat is produced in 
nichrome section of wire. 


The unit of electric energy used for domestic purpose is 
kilowatt hour (kWh). It is also called commercial unit of 
electric energy. 


The commercial unit of electrical energy is kilowatt 
hour (kWh). 


1kWh = 36x10°J 
y 
Heat produced per second = /?R= ee 


So, when voltage is made three times, then heat 
produced increase nine times for same R. 


.. The power consumption in transmission lines is given 


by P=i?R., where. R, is the resistance of transmission 

lines. The power is given by P= VI. 

The given power can be transmitted in two ways namely 

(i) At low voltage and high current. 

(ii) At high voltage and low current. 
In power transmission at low voltage and high 
current, more power is wasted as P « i*, whereas 
power transmission at high voltage and low current 
facilitates the power transmission with minimum 
power wastage. Thus, power wastage can be reduced 
by transmitting power at high voltage. 

When the bulb is turned ON, the resistance of the 

filament is low, the current is high and a relatively large 

amount of power is delivered to the bulb. 

As the filament warmup, its resistance increases and the 

current decreases, As a result, power delivered to bulb 

decreases, 


Given, Xe = 4 
Ry 2 
Ry = 2Rp of) 


Nn. 


12. 


13. 
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In series, power dissipated is given by the relation 
P=PR 
or PeR 
Be BB 
Fy & 


Using Eqs. (i) and (ii), we get 
Wee rye) 
Py Rp 2 
Current flowing through both the bars is equal. 
Now, the heat produced is given by 


E=PR 
Ee&R 
Ean — Ray _ (1/2r 
Esc Rec (lr 
_i 
oT 


Resistance between the two faces P and Q of the 
composite bar is given by 


Power consumption in a day, ie. in § h = 10 units 

or power consumption per hour = 2 units 

or power consumption = 2units = 2kW= 2000 J/s 

Also, we know that, power consumption in resistor, 
P=VxI = 2000W = 220Vx 1 

or 129A 


Now, the resistance of wire is given by R=p 
where, A is cross-sectional area of conductor, 
Power consumption in first current carrying wire is 
given by P=1°R 
eal 
=a 


7 x10 #x Oxi Js = 4 is 
nX10 


‘The fractional loss due to the joule heating in first wire 
= —. x 100-028 
2000 


Power loss in aluminium wire =4 PAL = 16x 4= 6.4 /s 
Pou 

‘The fractional loss due to the joule heating in second 

wire 


= {ite x 100 = 032% 
2000 


| TOPIC 3| 


Cells, EMF and Internal Resistance 


CELLS 


An clectric cell is a source of energy that maintains a 
continuous flow of charge in a circuit, Electric cell changes 
chemical energy into electrical energy. 


Electromotive Force (EMF) 
of a Cell (Z) 


Electric cell has to do some work in maintaining the current 
through a circuit. The work done by the cell in moving unit 
positive charge through the whole circuit (including the cell) 
is called the electromotive force (emf) of the cell. 

If during the flow of q coulomb of charge in an electric 
circuit, the work done by the cell is W, then 


emf of the cell, 


Its unit is joule/coulomb or volt. 
If W-= 1 joule and q = 1 coulomb, then £ = 1 volt, i.e. if in 
the flow of 1 coulomb of charge, the work done by the cell is 
1 joule, then the emf of the cell is 1 volt. 


Internal Resistance (r) 


Internal resistance of a cell is defined as the resistance offered 
by the electrolyte of the cell to the flow of current through it. 
Ie is denoted by r. Its unit is ohm. 
Internal resistance of a cell depends on the following factors 
(i) Iris directly proportional ro the separation between the 
two plates of the cell. 
(ii) Icis inversely proportional to area of plate dipped into 
the electrolyte. 
(iii) Ie depends on che nature, concentration and 
temperature of the electrolyte and increases with 
increase in concentration, 


Terminal Potential Difference (V) 


Terminal potential difference of a cell is defined as the 
potential difference berween the two terminals of the cell in a 
Posed circuit (i.e. when current is drawn from the cell). Ieis 
represented by Vand its unit is volt. 


Terminal potential difference of a cell is always less thay 
the emf of the cell. In closed circuit, the current floys 
through the circuit including the cell, due to intern 
resistance of the cell there is some fall of potential. Thisig 
the amount of potential by which the terminal potenti 
difference is less than the emf of the cell. 


Relation between Terminal Potential 
Difference, emf of a Cell and Internal 
Resistance of a Cell 
(i) Ifno current is drawn from the cell, i.e. the cell isin 
open circuit, so emf of the cell will be equal to the 
terminal potential difference of the cell. 
R 


7=0 or V=E 
(ii) Consider a cell of emf & and internal resistance ris 
connected across an external resistance R. 
Current drawn from the cell, 


where, £ = emf of the cell, 
R= external resistance 


and 7 = internal resistance of a cell. 
Now, from Ohm's law, V = JR 
4 
> I= z oii) 


From ® and (ii), we get 


From definition of terminal potential differen® 


current Electricity 


Charging of a Cell 


During charging of a cell, the positive 
the cell is connected to positive teri 


negative terminal (electrode) of the cell is cor 
negative terminal of battery charger. In this 
flows from positive electrode to negative ele 
From the given figure, 


a 
Charger 


i 
E- 


V=Eadr 


® terminal (electrode) of 
minal of battery charger and 
Innected to 
Process, current 
ctrade of the cell, 


Thus, the terminal potential difference of a cell becomes 


greater than the emf of the cell, 


The potential drop across internal resistance of the cell is 
called lost voltage, as it is not indicated by a voltmeter. Its 


value is equal to-Ir. 


Difference between EMF and Terminal 
Potential Difference of a Cell 


S.No. EMF 


Terminal potential 


1 The emf of a cell is the 
maximum potential 
difference between the 
two electrodes (terminals) 
of a cell, when the cell is 
in the open circuit 


The terminal potential 
difference of a cell is the 
potential difference 
between the two terminals 
of the cell in a closed 
circuit. 


2. Its independent of the 
resistance of the circuit 
and depends upon the 
nature of electrodes and 
electrolyte of the cell. 


It depends upon the 
resistance of the circuit 
and current flowing through 
it. 


3. The term emf is used for 
the source of electric 
current. 


The potential difference is 
measured between any two 
points of the electric circuit. 


4, The emf is a cause. 


The potential difference is 
an effect, 


EXAMPLE |1| The reading on a high resistance 
voltmeter, when a cell is connected across it, is 2.2 V. 
When the terminals of the cell are connected to a 
Tesistance of 5 Q as shown in figure given below, the 
voltmeter reading drops to 1.8 V. Find the internal 
Tesistance of the cell. 


A=52 
Sol. Given, emf, £ = 22V 
Terminal potential difference, V =1.8 V 
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External resistance, R = 5Q 
«Internal resistance, 


EXAMPLE |2| A cell of emf £ and internal resistance r 
gives a current of 0.5 A with an external resistance of 12 2 
and a current of 0.25 A with an external resistance of 
25 Q. Calculate the 

(i) internal resistance of the cell _(ii) emf of the cell. 


Sol. Let R be external resistance in series with the cell of emf 
Eand internal resistance r. The current in circuit is 


I= 
Rtr 
Casel 1=05A, R=12Q, then 
05 = 
12+r 
=> E =05(12+r) 
= E =60+05r ~) 
Casell 1 =0.25A,R=25Q, then 
o2s == 
: 254r 
ss E =0.25(25+r) 
= = 6.2540.25r (ii) 


From Eqs. (i) and (ii), we get 
60405 r= 6.254025 r 
> r=1Q 
From Eq. (i), we get 
E =60+05x(1)=65V 
Hence, (i) internal resistance of the cell is1 Q. 
(ii) emf of the cell is 6.5 V. 


CELLS IN SERIES AND 
PARALLEL 


Cells in Series 

In this combination, 1 identical cells each of emf E and 
internal resistance 7 are connected in series to the external 
resistance R as shown in the figure. 


Points to remember for series combination of cells 


(i) The equivalent emf of a series combination of 7 cells 
is equal to the sum of their individual emfs, 


142 


resistance of a_ series 
n of their 


The equivalent internal 
combination of » cells is equal to su 
individual internal resistances. 
Equivalent emf of » cells in series, 

Egg = Ey + Ey +... upto m terms = nE 
Equivalent internal resistance of 1 cells in series, 


Teq = Mt ryt..-+ upto 7 terms = nr 
Total resistance of the circuit = r+ R 
+ Current in the resistance 2 is given by 


n= number of cells, 
r= internal resistance, 
R= external resistance, 
E=emf of cell. 
and J =current flowing. 
Case] When R <<zr, then 


where, 


E . 
=== current due to a single cell 
r 


CaseT When R>> nr, then 
2E _ », cimes the current due to a single 


i= 
cell 
When cells are of different em! 


internal resistances, then 
Ey + Eg tet #n 
rte 


TO RAG tr tot te) 


R 


Case II fs and different 


from the series 

maximum current can be drawn 
ineination Ot cells, if the value of external resistance Is very high as 
ompared to the total internal resistance of the cells, 


Cells in Parallel 


jon, m cells each of emf E and internal 
arallel che external resistance 
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Points to remember for parallel combination of cells 


(i) The equivalent emf of parallel combination of cells 
same emfs is equal to emf of one cell. 

(ii) The reciprocal of equivalent internal resistance of 
parallel combination of cels is equal to the sum of th 
Feciprocals of the internal resistance of each cell, 

1 1 m 


1 : r 
Jeb A+... upto m terms =~ or r, =~ 
Pg 

mt 


As, Rand r, ate in series, so rotal resistance in th 


hee r : 
circuit = R+— 
m 


ation of identical cells, the effective emf 
val to the emf due to a single cell, because 
the size of the electrodes increase 


In parallel combin: 
in the circuit is equ 
in this combination; only 
bu not emf. 

Current in the resistance R is given by 


, then 


Case 1 When R>> 7 


m 


current due toa single cell 


Case Il When Ree”, then 1= = 
m rim 
mE 4 
= ME =m times current due to a single cell | 


When cells are of same emf and 
different internal resistances, then 


Case UL 


of each cell. 


Note The maximum current can be drawn trom the pam 


Note 
serbian Gf colts, if the external resistance is very 1" 
lo the total internal resistance of the cells. 


EXAMPLE [3| Two identical celts, when joined rogellt 
series or in parallel give the same current," 


connected to external resi i $ 
resistance of each gall, 1 ind He io 


Sol. Let £, rbe 


dl 


; the emf and internal resistance of each 
External resistance, R = 20 


current Electricity 


Iftwo cells are connected in series, then 
Total emf of cells = E + 2E 
Total resistance of circuit = Rtrdps 


242r 
Current in the circuit, 1, = 22 

2+2r 
Iftwo cells are connected in parallel, effective emf of two 


cells = emf of single cell = E 


Total internal resistance of two cells = "X1 


i 
ao te | 
Total resistance of the circuit = R40 294.F 


Current in the circuit, 1, == = _2E_ 


2E _ 26 
= =2 
242r 44r 
= 242r=44r 
z r=2Q 


EXAMPLE |4| When 14 cells in series, are connected to 
the ends of a resistance of 82.6 ©, then the current is 
found to be 0.25A. When same cells after being connected 
inparallel are joined to the ends of a resistance of 0.05322, 
then the current is 25A. Calculate the internal resistance 
and the emf of each cell. 
Sol. Let E andr be the emf and internal resistance of each 
cell. 
Case I When the cells are in series. 
Total emf of cells = 14E 
Total resistance of circuit = 826+14r 
+. Current in the circuit is given by 
ME ogsé wi) 
826+14r 
Case Il When the cells are in parallel. 
Total emf of cells = E 


r 
Total resistance of circuit = 0053+ ia 


+. Current in the circuit is given by 
Ean ii) 


0053+" 
4 
Dividing Eq, (i) by Eq. (ii), we get 
0053+" 


AM Lg 


(8264147) 


=I 


= 14 14 0053 +7 1g? = a264)4r 
14 
ri 53x14 +100r = 826+14r 
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Solving, we get 
r=00970 = 012 
Substituting the value of r in Eq. (i), we get 
£=15V 


Mixed Combination of Cells 


In this combination, some cells are connected in series and 
some cells are connected in parallel as shown in the figure. 
Let there be » cells in series in ncells ce 
one row and m rows of cells are 
in parallel, 


Suppose all the cells are 
identical. Let each cell be of emf 
and internal resistance 7. 


tows —+ 
a 
H 
H 
H 
Hl 
t 


Equivalent emf of each row 
=nE 

Equivalent internal 

resistance of each row =r 


m 
m 


Total emf of combination = nE 


Total internal resistance of combination, 


ee Z 
—+—+... upto m times 
nr on 


- fone ah nr 
Total resistance of the circuit =r’+R=—+R 
m 


Current in the resistance 2 is given by 


Thus, we get the maximum current in mixed grouping of 
cells, if the value of external resistance is equal to the rotal 
internal resistance of all the cells, ic, external resistance = 
7 4 nr 

total internal resistance ofall the cells G =m 
m 


EXAMPLE [5] 36 cells, each of internal resistance 
0,5 Q and emf 1.5 V each are used to send current through 
an external circuit of 2 Q resistance. Find the best mode of 
grouping them and the current through the external 
circuit. 
Sol. Here, E =15V,r=05Q, R= 2Q 
‘Total number of cells, mn = 36 wi) 
For maximum current in thé mixed grouping, 


ar 
—=R 
m 
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=> nx05 5 «i Ey & 

_ = A aoa a 
Multiplying Eqs. (i) and (ii), we get n “i 

osn? =72 = n?=144 Fea 
* 2 san ee 
- 36, A 7 ‘a 
a ) 
Thus, for maximum current, there should be three rows ‘ial b itive and negative termi 
Fe + etween positive and negative terming 
in parallel, each containing 12 cells in series. Potential difference b Pe a 
mnE 36x15 of the first cell is given by 

*. Maximum current = he 455A a Van =Va — Ve =E,-In eal) 


mR+nr °3%2412%05 eae F ; 
Potential difference berween positive and negative terminal 


of second cell is given by 
Vac =Va ~ Vo = 22 — Ire «li 
Potential difference between A and C of the setig 
combination of the two cells is given by 
Vac =Va- Ve 
=(4—Vg)+ Va —Vo) 
=(E; ~In)+ (Ez — Irs) 


EXAMPLE [6] 12 cells, each 
of emf 1.5 V and internal 
resistance of 0.5 Q, are 
arranged in m rows each 
containing n cells connected in 
series, as shown in the figure. tftp 
Calculate the values of nandm (cells in each row) 
for which this combination 


would send maximum current through an external =(E, + £2)-1 (4 +7) eel) 
resistance of 1.5 Q. 3 If the series combination of two cells is replaced by singe 
SoL For maximum current through the external resistance, cell between A and C of emf £4 and internal resistance 7 
external resistance = total internal resistance of cells as shown in the Fig. (b), then 
or Vac = Beg — 1 Peg cali 
Comparing Eqs. (iii) and (iv), we get 
“ ime Eq =E\ +E : ) 
a2 . ‘ oq =F, +2, oo 
n and r ptr, =. (vi) 
or If n cells of emfs £,, Ey... E, and of internal resiscanc® 
a= Gandia <2 : Tis Tay-+097, respectively, are connected in series becwe™ 


points A and C, then equivalent emf is given by 


COMBINATION OF TWO CELLS Gents ca] 
IN SERIES AND PARALLEL oq =A, +E, +...4E, 
(WITH DIFFERENT EMFS AND sate 
INTERNAL RESISTANCES) cor (aah tary] 

* . at in the series combinati Ps ive 
Two Cells in Series a terminal thee if Seaton ot Bi cells if nee 
cells are said to be connected in series between two the second cell between poi e negative cermin 

when negative terminal of one cell is Fig. (c), then points A and C, as shown i 

al of other cell as shown in the 6 a 


Equivalent internal resistance of the cells is given by 


The two 
points A and C, | ; 
vennected to positive termin 


Fig. (a)- Fe ee 
ie Fe, E, be the emfs of the two cells and 7,72 be their is By oe 

Let F163 Seances, respectively. Let the wo cells be ©) | 
ead urrent in a circuit shown in the Fig. (a) and Vice =V_=V, 


nding che cl i ; T i eat 
sed V7, and Ve be the potentials at points A, Band Then, equivalent emf of the wo 


ing el Sa two cells i =—E,-% | 
ng) be che current flowing through them. But equivalent internal resist Is is E,, = By 


‘ance is 7.4 = 7 +7. 


Current Electricity 


EXAMPLE |7] In the circuit shown in figure, 

ba oie’ polenta “tno ENE 

Fin e atterence across bi 

ants attery 1 and 
eB ,, fo, 

Few ew 


R 


Sol. Net emf of the circuit = £, — E,=(10-4)=6V 


Bin, a 
fn aban 


vy Vo 


R 


Total resistance of the circuit = R+ 74 +17, =4Q2 

< Current in the circuit, r=——Net emf 8 cy 
Now, 
and Vp = E, + In, 


Two Cells in Parallel 


The two cells are said to be connected in parallel berween 
two points A and C, when positive terminal of each cell is 
connected to one point and negative terminal of each cell is 
connected to the other point as shown in the Fig. (a). 


V, = E, - I =10-(1.5)(1)=85V 
44 (1.5)(1)= 5.5 V 


Let the two cells be sending the current in a circuit shown in 
Figs. (a) and (b). Let E,, Ey be the emfs of the two cells and 
"wry be their internal resistances, respectively. 

Let 1,4, be the currents from the two cells flowing 
towards poine B, and J be the current flowing out of By, 


len 

fel,t+h valli) 
Let Vi,.Vy, be the potentials at poims B, and By, 
‘spectively and V be the potential difference between 
vand By. Here, che potential difference across the 
Terminals of first cell is equal to the potential difference 


across the terminals of the second cell. 
So, for the first cell, 
Visgiven by V=V_, —Yp, = 21-4 or A 


Por the second cell, V=Vp, ~ Va, = #2 — Ty, 
E,-V 


1% 


or I= 


Substituting values in Eq. (i), we get 


EE) 


_Fint Eon -v(2 +2) 
NN2 nh 


--- (ii) 


If the parallel combination of cells is replaced by a single cell 
between B, and B, of emf E,, and internal resistance 7. 
[Fig. (b)], then 


V = Eg ~My ... (ii) 
Comparing Eqs. (ii) and (iii), we get 
+E, 
peuner ws Gv) 
tr, 
and tq = wl) 
ntn 
+r, 
> t.1*% «.lvi) 


"eq Nie Tt. Ey 


Dividing Eq. (iv) by Eq.(v), we get 
Faq Fin t Ban _ Bi, Es 


. 


a nn now 


If 2 cells of emfs Ey, E. E,, and internal resistances 


Ty Tyveyt, are connected in parallel, whose equivalent emf 
is Z,, and equivalent internal cerbanes is r.4, then 
1 ly 1 1 oq  & 2 &, 
=—4+—+..¢— and bs 44.4 
tq "A Ny Tea ai n t 


If the qwo cells are connected in parallel and are of the same 
emf £ and same internal resistance r, then 


From Eq. (iv), £,,=-—— 


From Eq. (vi), au = ! 
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EXAMPLE [8| Find the emf (V) and internal resistance 
(7) of a single battery which is equivalent to a parallel 
combination of two batteries of emfs V, and V, and internal 
resistances r, and r, respectively, with polarities as shown in 


figure 


t Ve 
+ | 9 
A 8 
W 
oy 


Sol (i) Equivalent emf (V) of the battery 

Potential difference across the terminals of the 
battery is equal to its emf when current drawn from 
the battery is zero. In the given circuit, 


Current in the internal circuit, 
Net emf 


© Total resistanc: 


Therefore, potential difference between A and B 
would be 


Wt 
hth 


i 


Vira ~ Voli 
hth 
So, the equivalent emf of the battery is 
va vie Veh 
ith 


Note that, if Vjr, = Vor :V =0 
If Vy > Von 2 V4 — Vy = positive, ie, A side of the 
equivalent battery will become the positive terminal 
and vice-versa. 
(ii) Internal resistance (1) of the battery 
jandr, are in parallel. Therefore, the internal 
resistance r will be given by 
1 
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| TOPIC PRACTICE 3| 


OBJECTIVE Type Questions 


1. 


5: 


6. 


‘The internal resistance of a 2.1 V cell which 
gives a current of 0.2 Athrough a resistance of 
10 Qis NEET2913 
(022 (052 (082 (A) 100 


The cell has an emf of 2V and the internal 
resistance of this cell is 0.1 Q, it is connected to 
resistance of 3.9Q, the voltage across the cell 
will be 

(a) 1.95V (b) 15V 


Electromotive force of primary cell is 2.4 V. 
When cell is short circuited, then current 
becomes 4 A. Internal resistance of cell is 
(a) 602 (b)1.22 

(42 (d)0.6Q 


() 2V (@) 18V 


Two batteries of emf, and €,, (€, >€,) and 


internal resistances r, andr, respectively are 
connected in parallel as shown in figure. 


o 


NCERT Exemplar 

(a) Two equivalent emf £44 of the two cells is betwee 
& and €,, ie, €, < Seq < Ey 

(b) The equivalent emf ¢ 

(©) The €,, is given by e 

(d) &,, : i 


eq is smaller than €, 
fay is eq = &, +€, always 
a's independent of internal resistances 7, and’ 


VERY SHORT ANSWER Type Questions 


The emf of a cell is 
e a is alway i | 
terminal Voltage, Why? vsiereater barrie 2013 


Acell o: i 
femf E and Internal resistance r is 


Write any two 


' fai 
resistance of a ctors on 


\ qurrent Electricity 14:7 


Draw the plots of the terminal voltage V in the figure. Find the value of current in the saa 
versus (i) resistance R and circuit. GBS 

a 10V 

i) current J. Allindin 2015 <=] 


9. Acell of emf E and inter, 
connected across a Variable resistor R. Plot a 
graph showing variation of terminal voltage ae 


V of the cell versus the current J. Using the en Bie 
plot, show how the emr Of the cell and its, 


internal resistance can be determined, LONG ANSWER Type I Questions 
Allindia 2014 

10. Two identical cells, each of emf E, having 
negligible internal res 
in parallel with each 


nal resistance ris 


18. Two cells of emf £, and E>; and internal resistances 


1 and ry respectively, are connected in parallel as 


‘istance aré connected shown in the figure. 


other across an Eur 
external resistance R. W! f 


s hat is the current 
through this resistance? All India 2013 

if. Which of the two emf £ or potential A aoa 
difference V of a cell, is greater and by how 
much? 


£2.12 
SHORT ANSWER Type Questions Deducé the expressions for 


12, First a set of n equal resistors of R each‘are () the equivalent emf of the combination. 
connected in series to a battery of emf E and i) the equivalent resistance of the combination. 


internal resistance R and current lis (iii) the potential difference between the points A 
observed to flow. Then, the resistors are and #. Fossign 2010 
connected in parallel to the same battery. 19. Which type of combination of cells is used in the 
Itis observed that the current is increased following three cases, 

10 times. What is n? NCERT Exemplar (i). If the external resistance is-much larger than 
: : the total internal resistance? 
13. Write the relation between emf and 


nee - (ii) If the external resistance is much smaller than 
See ee ena are He the total internal resistance? 


(iii) If the external resistance is equal to the total 


14. What is the difference between the values of internal resistance? 
egies i ; 
Dalla ee ee peal 20. What do you mean by terminal potential difference 
etree? uy of a cell? Under what conditions will the terminal 
wy potential difference of a cell be greater than its 
15. A cell of emf E and internal resistance ris emf? 
connected across a variable resistor R. Plot a . 
graph showing the variation of terminal LONG ANSWER Type II Question 


Potential V with resistance R. Predict from 


24, (i) The emf of a cell is always greater than its 
the graph, the condition under which V 8 


terminal voltage. Why? Give reason. 


becomes equal to £. Delhi 2008 (i) Plot a graph showing the variation of terminal 
16. Alow voltage supply from which one needs potential difference across a cell of emf E and 

high currents must have very low internal internal resistance r with current drawn from it. 

resistance, Wiiy? Using this graph, how does one determine the 
7 emf of the cell? 


+ A10 V cell of negligible internal resistance is 
connected in parallel across a battery of emf 
200 V and internal resistance 38 2 as shown 


(ili) Three cells of emf £,2E and 5E having internal 
resistances r, 2r and 3r, variable resistance R as 
shown in the figure. Find the expression for the 
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current, Plot a graph for'variation of current 
with R- 


NUMERICAL PROBLEMS 


22. 


23. 


24. 


26. 


A battery of emf 10 V and internal resistance 32 
is connected to a resistor. If the current in the 
circuit is 0.5 A, what is the resistance of 
resistor? What is the terminal voltage of the 


battery when the circuit is closed? NCERT 
The reading on a high a= 
resistance voltmeter, when a E 

cell is connected across it, is 4 

2.2 V. When the terminals of 

the cell are also connectedto RW) 


a resistance of 5Q as shown 
in the circuit, the voltmeter reading drops to 
1.8 V. Find the internal resistance of the cell. 

All India 2013 


It is found that when R =4 Q, the current is1A 
and when R is increased to 9 9, the current 
reduces to 0.5 A. Find the values of the emf E 
and internal resistance r. All India 2015 


In the figure shown, an ammeter A and a 
resistor of 4 Q are connected to the terminals of 
the source. The emf of the source is 12 V having 
an internal resistance of 2 9. Calculate the 
voltmeter and ammeter readings. 


favl'2n 


A=42 All India 2017 


Abattery of emf 12 V and internal resistance 2Q 

is connected to a 4 © resistor as:shown in 

the figure. 

(i) Show that a voltmeter when placed across 
the cell and across the resistor, in turn, gives 
the same reading. 


©; 


12V),20 
1 
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(ii) To. record the voltage and the current in th 


circuit, why is yoltmeter placed in Paraljg 


i i the circuit? 
a mmeter in series in 
ail All India 20}, 


 A10 V battery of ne; 
o connected across a 200 V battery anda 


resistance of 38 Q as shown in the figure. Fing 
the value of the current in the circuit. Delhi 291 


i) Si -acid type of secondary cells each g 
a sey and internal resistance 0.015 Q an 
joined in series to provide a supply to , 
resistance of $5. What are the curren 
drawn. from the supply and its termina 
voltage? 
(ii) A secondary cell after long use has an emf of 
1.9V and a large internal resistance of 380 9, 
What maximum current can be drawn from 


28. 


the cell? 
Could the cell drive the starting motor ofa 
car? NCERT 


| HINTS AND SOLUTIONS 


E 
1. (b) As, = —— 
(b) As, roe 


or E=[(R+r) 
2,150.2 (10+r) 


wtr= 2x49 
2 


a r=105-10=050 


2. (a) 
V =E-ir 
VEE-ir 
where, ris the internal resistance. 
Also, current i= —2_ 


R+r 


> vee-( E, 5 
AR+r 


Putting numerical values, we have 
E=2v, r=010,R=390 
=> V=2 -( 


gligible internal resistance is 
| 


current Electricity 


3. (d) Electromotive force, £ = y 4 WKR4+r) boy 
= r). [eV = ir} 


en resistance becomes 
ve force, E =ir 


When cell is short circuited, th, 
110, ie. R=0. So, electromoti 
Internal resistance of cell 


2.4 


= 062 


i 4 
4, (a) The equivalent emf of this combination is 
\ fq = Lt Eh 
ith 


This suggest that the equivalent emf €, f 
Hg hires ‘eq Of the two cells 


given by 


E, <q SE, 
The emf of a cell is greater than its terminal voltage 
because there is some potential drop across the cell due 
to its small internal resistance, 


6. The graphical relationship between voltage across Rand 
the resistance R is given below 


Vv 


wpe 
1+r/R 


The high resistance voltmeter means that current will 
flow through it. Hence, there is no potential difference 
across it. So, the reading shown by the high resistance 
voltmeter can be taken as the emf of the cell. 


al 


The internal resistance of a cell depends on 
(i) the concentration of electrolyte and 
(ii) distance between the two electrodes. 


8. (i 


iin volts) 
(in volts) 


R(Q) IA) 
Graph between terminal Graph between terminal 
Voltage (V) and resistance (A) voltage (V) and current (/) 


(@) (b) 


9. We know that, V = E — Ir 


The plot between V and J is a straight line of positive 
intercept and negative slope as shown below 


vl 
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(i) The value of potential difference corresponding t 
zero current gives emf of the cell. 


(i) Maximum current is drawn, when terminal voltage is 


zer0, $0 

v 
> 0 
> 


10. The cells are arranged as shown in the circuit diagram 


as given below 


As the internal resistance is negligible, so total resistance 
of the circuit = R 
So, current through the resistance, 

E 

Is 

R 
(in parallel combination, potential is same as the single 
cell) 

UL. emf£ of the cell is greater than the potential difference 
V of the cell, by a value Ir, where J is the current 
flowing in the circuit and r is the internal resistance of 
the cell. 

V=E-Ir 


12. In series combination of resistors, current J is given by 


E 
R+oR 


I= 


whereas, in parallel combination current 10 I is given by 
=I => i =10 : 


nek nak Yak, 
n n 


Now, according to problem, 


1 
18193 10=(14")n sn=10 
il n+l 

a 


13. For acell of emf £, potential difference V and internal 


resistance r, V = E - Jr, where / is the current flowing 
through the circuit, The Sl unit of both emf and 
potential difference of a cell is volt (V). 


14, The potential difference across the terminals of a cell is 


given by V=E-Ir, 

In an open circuit, there is no current, ie. J =0 

+. V=E, ie. potential difference across the terminals of 
acell=emf 

Ina closed circuit, V< E. 

The difference between the two values of potential 
difference = Ir, which is called the lost voltage. 
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15. 


16. 


lv 


18. 
19. 


20. 


21 


Refer to the solution of Q. 6 for the graph. 
From the graph, we ca e et 
ep can sce that the value of V becomes 


We know that, 


E-Ir 
“+ Current in the circuit, J = 


E-v 


If i W 
the value of V is small, for high value of current J, then 


the internal resistance r should be small as Fe< +. 
7 


Given, £=10V, E = 200V, 


Now, using Kirchhof's lop law in given igure, 10op 
200 — 387 —10=0 
190 = 38] 
i 1= sa 
3 


Refer to text on page 142. 
(i) Series combination of cells. 
(ii) Parallel combination of cells. 

(iii) Mixed combination of cells. 
Refer to text on page 140. . 
The terminal potential difference of the cell becomes 
greater than the emf of the cell during charging of the 
Gell In this process, current flows from positive 
electrode to negative electrode of the cell. 


Hence, V = E+ Ir. 


(i) The emf of a cell is greater than its terminal voltage 
because there is some potential drop across the cell 


due to its small internal resistance. 


E E 
iN =(—2_lr= 
wa ¥ i) T+r/R 


Le. with the increase of R, V increases 


E 


v 
— 
determine the emf of cell by finding terminal 
difference when current J becomes zero. 
iii these type of questions, we haye to look out the 
ge) Sone or Uifferent’ cells, if the opposite 


feeminals of all the cells are connected, then they 
support each other, i. these individual emfs are 


rt eae the same terminals. of the cells, are 
eseeedee, then the equivalent emf is obtained by 
Coking the difference of ems. 


mf of combination 
cane = E -2E+SE=4E 


of current 
ar+art3r+R=6rtR 


One can 
potential 


Net resistance 


22. 


23. 


24, 
25. 


26. 
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Current, = z (from Ohm's law) 


Given, E =10V,r=39,1=05A 


and terminal voltage, V = IR =0.5%17 =8.5 V 


‘The emf of cell, E = 2.2 V 


‘The terminal voltage across 
is connected across it, V 
Let internal resistance 


Internal resistance, r='R @ = i) 


cell, when 5 Q resistance R 


Refer to Example 2 on page 141. [Ans. 19 and 5V] 
Current in the circuit, / = as atts =2A 
R+r 4+2 


Also, terminal voltage across the cell, 
V=E~-Ir=12-2x2=8V 

So, ammeter reading = 2A 

and voltmeter reading = 8 V 


According to question, 


(A) 

40 “NY 

(@ Net current in the circuit = 12 = 24 
6 


Voltage across the battery, 
V, =12-2x 2=8V 


\ current Electricity 


Voltage across the resistance, 
V, =IR=2x4=8Vv 
(i) In order to measure the device's vollage {« 

voltmeter, it must be connected in parallel to that 
device. This is necessary because device in alll 
experiences the same potential difference An 
ammeter is connected in series with the circuit 
because the purpose of the ammeter is lo measure the 
current through the circuit. Since, the ammeter is a 
low impedance device. Connecting in parallel with 
the circuit would cause a short circuit, damaging the 
ammeter of the circuit, 


Q7. Since, the positive terminal of the batteries are 
connected together, so the equivalent emf of the 
batteries is given by 

: E = 200-10=190V 
Hence, the current in the circuit is given by 
_E_190 


28. (i) Six cells are joined in series. 
emf of each cell, E = 2V 
Number of cells, n=6 
Total emf of circuit =nx E=6x 2=12V 
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Internal resistance of each cell, r= 0.015 2 


‘Total internal resistance 
enxr=6x 0,015 =0.09 2 


External load, R= 8.5 2 


Current in the circuit, J = 


«. The terminal voltage of battery, 
VeR=14x85 =119V 
(ii) emf of cell, B= 1.9 v 
Internal resistance of cell, 
= 3809 
m current can be drawn from the cell, if th 


ere 


Maximui 

js zero external resistance. Therefore, 
1, eet 200054 
mr 380 


e see that the maximum current drawn from 
thus the cell cannot be used to 
as the current 
100 A for 


Now, wt 
the cell is very low, 
drive the starting motor of a car 
required for this purpose is approximately 
few records. 


Kirchhoff’s Laws and its Applications 


KIRCHHOFF’S 
RULES OR LAWS 


In 1842, Kirchhoff gave the following two rules to solve 
complicated electrical circuits, Ohm’s law is simply not 
adequate for the study of the circuits containing more than 
one source of emf, These rules are basically the expressions 


of conservation of electric charge and energy. 


These laws were stated as follows 


First Law (Junction Rule) 


This law states chat the algebraic su 
meeting at a point in an electrical circuit i 
also known as junction rule. 


m of the currents 
is always zero. Ic is 


Electric junction 


Consider a point O in an electrical circuit at which currents 
Iutylgh, and 1; flowing through the different 


conductors meet, as shown in the figure. 


According to Kirchhoff’s first law, we have 
Tthyt(-hy)+1, + ls) =0 

= Tytty ly +1, -15=0 

te [tl tlyahy ts 

So, junction rule can also be stated as the sum of currents 

entering the junction is equal to the sum of currents leaving 

the junction. 

Sign Convention for Kirchhoff’s First Law 

The current flowing towards the junction of conductors is 

considered as positive and the current flowing away from 

the junction is taken as negative. 


Second Law 
(Kirchhoff’s Voltage Rule) 


This law states that the algebraic sum of changes in 
potential around any closed loop involving resistors and 
cells in the loop is zero. It means that in any closed part of 
an electrical circuit, the algebraic sum of the emfs is equal to 
the algebraic sum of the products of the resistances and 
currents flowing through them. It is also known as 
loop rule, 
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Consider a-closed electrical circuit ABCDA containing two gop 

cells Z, and E, and five resistances 2; Rz, Ry, Ry and Re. ae Os 
* iy 

AX Lag @ i 

] 


6V 


iy is | 
WW Ww ——'r) 
3 22 Ee 4a 


Applying Kirchhoff's first law (junction law) it 
junction B, 


i =i, +i, 

Applying Kirchhoff"s second law in loop 1 ( ABEFA) 
=4i, +421, +2=0 ty 

Applying Kirchhoff’s second law in loop 2(BCDEB), 


Consider the closed loop ABCA. Ey will send current in oe cap eae 
anti-clockwise and Fy will send current in clockwise < icc ehh Sea ay 
direction. Solving Eqs. (i), (ii) and (iii), we get 
i, = 1A 
2 lpml emf abclosed oop ‘ 
ABCA = E, + (-E,)=£, - E. = ip=2a i =-2A 
1 17 Fz 2-5 amg 
Bur currents (/, and /;) flow in anti-clockwise direction Fes ual eo or wasted tar aa SN 


5 Pas dite : : 
swhile cairrent 1 ows in'clockwise direction opposite direction of what we have assumed. 


The algebraic sum of products of resistances and current 
EXAMPLE |2] Use Kirchhoff’s rules to determine the 


=1,R, + 1,R, + (— 15) B 
=I,R, +1,R, —1,Ry potential difference between the points A and D. When no 
+. According to second law, for closed part ABCA current flows in the arm BE of the electric network shown 
ees ie : P z in the figure below. > Delhi 2015 
Ey — Ey =1,R, + 1,R, - 15 Rs : oe 
Similarly, for closed parc ACDA, 4 D 
Ey = 1g Ry + 14Ry + I5Rs 17 if L 
Sign Convention for Kirchhoff ’s Second Law 2a ee 
ala 1t yo 
6V “av 


The product of resistance and current in an arm of the loop 
is taken as positive, if the direction of current in that arm is 
in the same sense as one moves and is taken as negative, if 
the direction of currenc in an arm is opposite to the sense as 


Sol. Applying Kirchhoffs loop rule for loop ABEFA 
6+3+R x0-3I, +1—-21, =0 
one moves. or 10-51 
While traversing a loop, the emf of a cell is taken négative) if or I 
negative pole of the cell is encountered first, otherwise For loop BCDEB, 
4-1,:R+R, x0-3=0 


positive. 
EXAMPLE [1] Find currents in different branches of rh 1-2R=0 
the electric circuit shown in figure. 


4a B 
a Wap ea FR 5 
a Ay tev ws a 
2a R 
Tomson Doe ae sav 
va thy? 


2a & 4a 
6 


Carrent Electricity \ 


Potential difference between 


ABCD is Aand D through path 
644-1 R=Vyy 
1 
x Wr BXS= Vay 
Van = 9 volt 


EXAMPLE [3] In the circuit shown in figure FE, FG, H 
are cells of emf 2, 1, 3 and 1 V respectively, and their 
internal resistances are 2, 1, 3 and 1 Q, respectively. 


Calculate 
— E 8 c 


| 
B alt Ic 


(i) the potential difference between B and D and 


(i) the potential difference across the terminals’of each 
cells G and H. 


av 38 
Applying Kirchhoff's second Jaw in loop BADB, 
2-2, =i, -1- 2( =O x0) 


Similarly, applying Kirchhoff’s second law in loop BDCB, 
Wi, — ig) +3-3ig — be -1=0 
Solving Eqs. (i) and (ii), we get 
Bho 
wi? 13 
1 


and a-he-z 


(i) Potential difference between B and D,. 
Vp + Hi, - 12) = Yo 


2 
Vp-Vp =~ Ah WV 
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WHEATSTONE BRIDGE 


It is an arrangement of four resistances used to measure 
of them in terms of the other three. ; 
Consider four resistances ?,Q, R and S are connected in 
the four arms of a quadrilateral. The galvanometer Ganda 
tapping key K , are connected between points Band D. The 
cell of emf E and 1-way key K, are connected berween 
points A and Cas shown in the figure. Resistances PandQ 
are called ratio arms, resistance R is a variable resistance and 
S is unknown resistance. 

The bridge is said to be balanced, when the galvanometer 
gives zero deflection. Thus, we have balance condition as 


one 


Wheatstone bridge 


Proof 


In figure, four resistances P, Q R and S are connected in 
the four arms of a parallelogram ABCD. Between B and D 
there is a sensitive galvanomerer and a cell is connected 
between A and C.K, and Ky are two keys. By pressing the 
key K, a current i is allowed to flow from the cell. At the 
point A, the current / is divided into two parts. 

One part j, flows in the arm AB and the other parté, flows 
in the arm AD, The resistances P,Q, Rand S are so adjusted 
that on pressing the key A’, there is no deflection in the 
galvanomerer G. That is, chere is no current in the diagonal 

BD , Thus, the same current i, will ow in the arm BCas in 
the arm AB and the same f, will flow in the arm DC as in 
the arm AD. 

Applying Kirchhoff ’s second law for the closed loop 
BADB, we have 
=iP+i,R=0 
Pi, = Riz i) 
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Similarly, for the closed loop CBDC, we have 
~1,Q+i,S=0 
Qi, =3i, neil) 
" Dividing Eq. (i) by Eq. (ii), we have 

AQ iS 
Tt is clear from this formula that if the ratio of the 
resistances P and Q and resistance R are known, then the 
unknown resistance § can be calculated. This is why, the 
arms AB and BC are called ratio arms, arm AD known arm 
and arm CD unknown arm, 
When the bridge is balanced, then on interchanging the 
Positions of the galvanometer and the cell there is no effect 
on the balance condition of the bridge. Hence, the arms BD 
and AC are called conjugate arms of the bridge. (In 
balanced state, no current flows in the galvanometer arm, 
hence while computing the equivalent resistance between A 
and C, the resistance connected between B and D may be 
neglected.) The sensitivity of the bridge depends upon the 
values of the resistance. The bridge is maximum sensitive, 
when all the four resistances are of the same order. 
According to Maxwell, for greater sensitivity of the bridge, 
the galvanometer or the battery whichever has the higher 
resistance should be connected across the junctions of two 
highest and two lowest resistances. 


Pak 
O75 


Note The Wheatstone bridge is most sensitive, when the 
resistance of all the four arms of the bridge is of same order (or 
same). i.e. null point is obtained at the middle of bridge wire, 

The advantage of null point method /zero deflection in a 
Wheatstone bridge is that the resistance of galvanometer 
does nor affect the balance point, there is no need te 
determine current in resistances and internal resistance of a 
galvanometer. 


EXAMPLE [4| In a Wheatstone bridge circuit, P=79, 
Q=8Q, R=12Q and S=7Q. Find the additional 
resistance to be used in series with S, so that the bridge is 
balanced. 
Sol. Let the bridge be balanced when additi 
is put in series with S, 


Then, (5+x)=2R 


ional resistance x 


8 
or Ka DR-S= > x12-7 = 6720 


EXAMPLE [5| The Wheatstone bridge 


resistances in various arms as shown in 
the current through the galvanometer, 


circuit have the 
figure, Calculate 
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Sol. In the closed loop ABDA, 
1001, +15 I, -601,=0 


=> 201, +3 I, —12 Ty (i) 
In the closed loop BCDB, 
1X1, -I,)-5 (Iz +1,)-151, =0 
=> 101, -301, -5 1, =0 
= 21, -61,-I, =0 (i) 
In the closed loop ADCEA, 
601, +5 (I, +I, 
=> 651, +51, =10 
= 131, +1, =2 oli) 
On solving Eqs. (i), (ii) and (iii), we get 
I, =4.87 mA 


| TOPIC PRACTICE 4| 


OBJECTIVE Type Questions 


1. Kirchhoff's curren: 
Conservation of 
(a) energy 
{c) charge 


2. Ir24 current is flowi: 


then potential di 
iff 
Condition is = 


t law is consequence of 
(>) momentum 
(d) mass 


ng in the shown circuit, | 
ence (V, ~V,) in balanced 


8 | 
20, | 
2a te | 
Aa 
4 i | 
6Q 
iy ) | 
@av “ev 


Current Electricity 


3, The Wheatstone bridge and its balance 
condition provide a practic: 
determination of an 
(a) known resistance 
(b) unknown resistance 
(c) Both (a) and (b) 

(@) None of the above 


‘al method for 


VERY SHORT ANSWER Type Questions 
4. State Kirchhoff’s first law. All India 2010 
5. State Kirchhoff’s second law. 


6. When a Wheatstone bridge is most sensitive? 


SHORT ANSWER Type Questions 


7. Use Kirchhoff’s rules to obtain the balance 
condition in a Wheatstone bridge. Delhi 2012 


8. For the circuit diagram of a Wheatstone bridge 
shown in the figure, use Kirchhoff’s laws to 
obtain its balance condition. 


Delhi 2009 
NUMERICAL PROBLEMS 
9. Using Kirchhoff’s rules in the given circuit, 
determine 
3V 20 
OSA 4) 4 
4v 
{ete 20 |, 
a 
pt —w——e 


(i) the voltage drop across the unknown 
resistor R. 


(ii) the current Jin the arm EF. 


A battery of 10 V and negligible internal 
resistance is connected across the diagonally 
opposite corners of a cubical network consisting 
of 12 resistors each of 1@ resistance. Use 
Kirchhoff’s rules to determine 

(i) the equivalent resistance of the network. 


All India 2011 


Ss 


il. 
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t in the network. 
(ii) the total curren! ‘AllIndia 2010 


Figure shows two circuits each having a 
galvanometer and a battery of 3V. 
When the galvanometer in each arrangement 


do not show any deflection, obtain the ratio 
R,/Ro. All India 2013 


4a. Ay 122 


62 92 


3V 1.202 


| HINTS AND SOLUTIONS | 


1 


.. (d) In Wheatstone bridge, 


(c) According to Kirchhoff's law, the algebraic sum of 
the currents is mecting at point in an electrical circuit is 
always zero, i.e. at any junction, the charge cannot be 
stored and cannot be loss. So, Kirchhoff's current law is 
consequence of conservation of charge. 

P_R 

Ss 


or 


wins Ol 


7 
3. 
ie. in the balanced condition, Vs — Vy =0 


- (b) In meter bridge balanced wheatstone bridge is used 


to determine unknown resistance. 


|. Kirchhoff's first law states that the algebraic sum of 


currents at a junction in an electrical circuit is zero, ie. 
= =0, 


. Kirchhoff’s second law states that the algebraic sum of 


changes in potential around any closed loop involving 
resistors and cells in the loop is zero. 


.. The Wheatstone bridge is most sensitive, when the 
resistance of all the four arms of the bridge are equal. 


Refer to text on page 154. 
Refer to text on page 154. 
Put P=R,,Q=R,, R= Ry 
and S = Ry. 


Vy — 0.5% 24 3= Vy 
> V_p—Vq 2-2 
. V=V,-Vpat2¥ 
Potential drop across Ris 2 V as R, EF and upper row 
are in parallel. 
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(ii) Applying Kirchhoff's first rule at £, 
O5+1,=7 
where, J is current through R. 
Now, Kirchhoff’s second rule in closed loop FEABF, 
— 21, 4+ 4-34 05x 2=0 


or sla 
‘The current in arm EF = 1A 
10. Let 6 I current be drawn from the cell. Since, the paths 
AA’, AD and AB are symmetrical, current through them 
is same. 
As per Kirchhoff’s junction rule, the current distribution 
is shown in the figure. 


” E=V,-Vp 
= 6IR=10 (+ EB =10 V)...(i) 


(i) Applying Kirchhoff ’s second rule in loop 


AA'B'CA, 

~ 21x1-1x*1-21x14+10=0 
= 51 =10 
= 1=2A 


Total current in the network 
=61=6xX2=12A 
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From Eq, (i), we get 


GIR =10 

=> 6x2xR=10 

10_5 
= R =O 

i. 
42 Ay 
6a 99) 
3Vv 


For balanced Wheatstone bridge, there will be no 
deflection in the galvanometer. 


Re! 90 


1.200 3v 
@ 1 


For the equivalent circuit, when the Wheatstone bridge 
is balanced, there will be no deflection in the 
galvanometer. 


\SUMMARY 


» Electric Current It is defined as the rate of flow of electric’ 
charge through any cross-section of a conductor, i.e. 
T=(0q/at) 
» The directed rate of flow of electric charge through any 
cross-section of a conductor is known as electric current. 


[eq =ne] 
where, n=number of charged particles constitute the current 


Current Density It is the ratio of the current at a point in 
conductor to the area of cross-section of the conductor at that 
point, ie. J =(I/ A) 

Ohm's Law Atconstant temperature, the potential difference 
V across the ends of a given metallic wire (conductor) in an 
circuit (electric) is directly proportional to the current flowing 
through it. 


yy 


Vol 
The variation of current w.r.t. applied potential difference is 
shown with the help of given graph. 

V=IR 
where, A =resistance of conductor. 
Flow of Electric Charges in Metallic Conductors In case of 
solid conductor, large number of {ree electrons causes the 
strong current in them. A 
In the case of a liquid conductor, movement of positive and 
‘negative charged ions causes the electric current 
Resistance of a Conductor Mathematically, it is the ratio of 
potential difference applied across the ends of conductor to 
the current flowing through it 

v 


= Re- 


I 


Slunit is ohm (Q).. f 
Resistance can also be written as, =P 7 


Where, L =length of the conductor, 
Azarea of cross-section 
and p=constant, known as resislivily ofthe 
I depends upon nature of the materia. 
Effect of Temperature on Resistance 
For metals, resistance increases with rise in temperature. 
For insulators and semiconductors, resistance decreases with 
‘ise in temperature. 


material. 


For alloys, temperature coefficient of resistance is small. 


Temperature coefficient of resistance is given by 
-e-® 

Ayla -&) 
Drift Velocity It is defined as the avereg? velocity with 
the free electrons move towards the positive end ofa 
conductor under the influence of an external electric field 


applied. 


a 


which 


> waEt 

am 
where, t = relaxation tin: 

E = electric field, 

m = mass and e = electron. 
Relation between Drift Velocity and Electric Field 
Itis given by, | =neAvy 
where, n =number density of free electrons, 
e =electronic charge. 
ross-sectional area 
vy = drift velocity of an electron 


and 


The ratio of drift velocity of electrons and the applied electric 
field is known as mobility. 


= 0 
7 BE mn 


<. Slunitis (m@s"'V~]. 
Resistivity It is the resistance of a unit length with unit area of 
cross-section of the material of the conductor 


* Relationship between resistivity and relaxation time 


m 
Lares Ps 
ne*t 

where, 1 =relaxation time. 


Specilic resistance or resistivity (p) depends on the material of 
conductor, not on the length and cross-sectional area (A), i.e. 
geometry of conductor. 


Effect of Temperature on Resistivity 
For metals, resistivity increases with increase in temperature. 


For semiconductor, resistivity decreases with increase in 
temperature. 


For alloys, resistivity is very large but has a weak dependence 
on temperature, 

Classification of Materials in terms of Conductivity 

For insulators, electrical conductivity is very small or nil. 

For conductors, electrical conductivity is very high. 


For semiconductors, electrical conductivity lies in between that 
Of insulators and conductors 
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Conductance and Conductivity 
Conductance is the reciprocal of resistance of conductor. 
Conductivity is the reciprocal of the resistivity of conductor. 
Electrical Energy and Power Electrical energy is the total 
work done in maintaining the electric current in the given circuit 
for a specified time. 

Electrical power is the rate of electrical energy supplied per unit 
time to maintain flow of electric current through conductor. 
Internal Resistance and Electromotive Force of a Cell 

EMF (E) It is the maximum potential difference between two 
terminals of circuit, when circuit is open 

Internal Resistance (r) The resistance offered by the electrolyte 
of the cell, to the flow of current through it 

Terminal Potential Difference (V) It is the maximum potential 
difference between two terminals of circuit, when the circuit is 
closed. 

The relationship between r, A, E and Vis 


aE -) wi) 


where, ¢ = internal resistance, R = external resistance, 
& =em| of cell, V = terminal voltage of cell, 


r 
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Combination of Cells 
In series grouping, current is-given by, J =(ne/R+nr) 


Also, vee-rr=[ 


In parallel grouping, current is given by, 1 = (me /r + mA) 


( mne } 
nr+mR 
Kirchhoff's Laws 


First Law (Junction Rule) The algebraic sum of the currents 
meeting at a point in an electrical circuit is always zero. 
Second Law (Loop Rule) The algebraic sum of changes in 
Potential around any closed loop involving resistors and the 
cells in the loop is zero. 


Wheatstone Bridge It is an arrangement of four resistances 
used to measure one of them in terms of another three. The 
bridge is said to be balanced when the galvanometer shows 
zero deflection. 


In mixed grouping, current is given by, I 


The balance condition is 


|CHAPTER 
PRACTICE 


OBJECTIVE Type Questions 


1, Apotential difference V is applied to a copper 


wire of length / and diameter d, If V is doubled, 
then the drift velocity 


(a) is doubled 
(0) remains same 


(b) is halved 

(d) becomes zero 

2, Apotential difference of 100 V is applied to the 
ends of a copper wire one metre long. What is 
the average drift velocity of electrons? 
(given, o = 5.8110’ Q* or ng, = 8.5x 10 m) 
(a), 0.43 ms (b) 0.83 
(c) 0.52 ms~" (d) 0.95 ms“! 


3. Unit of specific resistance is 


(a)ohm7 "m7! 
(c) ohm-m~* 


(b)ohm7 *-m 

(d) ohm-m 

The length of 50 9 resistance becomes twice by 
stretching. The new resistance is 
(a)25Q  (b) 502 (c) 1002 


ha 


(d) 200 Q 

5. Ametal rod of length 10 cm and a rectangular 
cross-section of lcm * 3 cm is connected toa 
battery across opposite faces, The resistance 
will be 


(a) maximum when the battery is connected across 
1 
lemx A cm faces 
(b) maximum when the battery is connected across 


10cm x 1 cm faces 
(c) maximum when the battery is connected across 


io emx ; cm faces 


(d) same irrespective of the three faces 


6. The electric power consumed by a 220 V-100 W 
bulb, when operated at 110 Vis 

CBSE.2021 (Term-1) 
(a)25w (b)30W =) 35W (45 WW 
If an ammeter is to be used in place of a 
voltmeter, then we must connect with the 
ammeter a CBSE 2021 (Term-I) 


x 


10. 


i. 


(c) high resistance in parallel 
(d) high resistance in series 


Kirchhoff's first rule, Z/ = 0 and second rule, 
ZIR = EE (where the symbols have their usual 
meanings) are respectively, based on 
CBSE 2021 (Term-1) 
(a) conservation of momentum and conservation of 
charge 
(b) conservation of energy and conservation of 
charge 
(6) conservation of charge and conservation of 
momentum 
(d) conservation of charge and conservation of energy 


Which of the following has negative 
temperature coefficient of resistivity? 

CBSE 2021 (Term-1) 
(a) Metal 
(b) Metal and semiconductor 
(c) Semiconductor 


(d) Metal and alloy 


If the potential difference V applied across a 
conductor is increased to 2V with its 
temperature kept constant, then the drift 
velocity of the free electrons in a conductor will 


CBSE SQP (Term-1) 
(a) remain the same 

(b) become half of its previous value 

(c) be double of its initial value 

(d) become zero 


Aconstant voltage is applied between the two 
ends of a uniform metallic wire, heat H is 
developed in it. If another wire of the same 
material, double the radius and twice the length 
as compared to original wire is used, then the 
heat developed init willbe | CBSESQP (Term-1) 
(a) H/2 (v) H 

(c) 2H (d) 4H 
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12. Ina DC circuit, the direction of current inside 
the battery and outside the battery, respectively 
are CBSE SQP (Term-1) 
{a) positive to negative terminal and negative to 
positive terminal 

(®) positive to negative terminal and positive to 
negative terminal 

(c) negative to posit 
negative terminal 

(d) negative to positive terminal and negative to 
positive terminal 

13. Acell of emf(E) and internal resistance ris 
connected across a variable external resistance 


R. The graph of terminal potential difference V 
as a function of R is ‘CBSE 2020 


ve terminal and positive to 


ve 
E 
| +R 
(a) (b) 
Ve Vs 
SS +R +R 
() @ 


14. The current /and voltage V graph for a given 
metallic wire at two different temperatures T, 
and T; are shown in the figure. It is concluded 


that 


(a) T, >Tz(b) T,<T, (c) T, =T, (d) T, =27, 


15. The electromotive force of cell is 5V and its 
internal resistance is 2. This cell is connected 
to external] resistance. If the current in the 
circuit is 0.4 A, then voltage of poles of cell is 
(a5 V (b) 5.8 V (c)4.6V (d)4.2V 


ASSERTION AND REASON 

Directions (Q. Nos. 16-21) Jn she following questions, two 

statements are given- one labeled Assertion (A) and the other 
belled Reason (R). Select the correct answer to these questions 


from the codes (a), (&), (c) and (d) as given below 
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(a) Both Assertion and Reason are true and Reason 


the correct explanation of Assertion. 
(b) Both Assertion and Reason are true but Reason ig 
not the correct explanation of Assertion, 
(c) Assertion is true but Reason is false. 
(d) Assertion is false but Reason is true. 

16. Assertion The average time of collisions x, 
decreases with increasing temperature. 
Reason At increased in temperature, average 
speed of the electrons, which act as the carriers 
of current, increases, resulting in more frequen 
collisions. 

17. Assertion Charge carriers do not move with 
acceleration, with a steady drift velocity. 
Reason Charge carriers under go collisions 
with ions and atoms during transit. 

18. Assertion If we bend an insulated conducting 
wire, the resistance of the wire increases. 
Reason The drift velocity of electron in bended 
wire remains same. 

19. Assertion The drift velocity of electrons ina 
metallic wire decreases when temperature of the 
wire is increases. 


Reason On increasing temperature, 
conductivity of metallic wire decreases. 


20. Assertion Manganin and constantan are widely 
used in standard resistors. 
Reason Manganin and constantan resistances 
values would change very little with 
temperatures. 


21. Assertion Higher the range, lower is the 
resistance of an ammeter. 
Reason To increase the range of an ammeter, 


additional shunt is added in series to it. 
CBSE 2021 (Term) 


CASE BASED QUESTIONS 


Directions los. 2: js 

eines (QNos. 22-23) This question is case study bad 
question, Attempt any 4 sub-parts from this question» ttt 
question carries 1 mark, f 


22. Potential Difference 


and 
single better to each other as V =¢- Ir.A 
"Y shown in figure, consists of tv 


Current Electricity 


23. 


cells of emf’ i 
mf’s e, and &2 and internal resistance 


‘ eS 
and r,, respectively in series ‘ 


(i) The current in the internal circuit is 


(a) zero () 228 
nth 

(Q te &,-e, 
n +r, aera 
ath nth 


(ii) The equivalent emf of the battery is 


@) (+e) ©) (=e) 
(©) (€2 -&;) (ay Ere =") 
hth 
(iii) For the terminal Ato be positive 
(a) &, >e; (b) €,>€, 


(c) €\7, =r (d) e\r, > Em 
(iv) The internal resistance of the battery is 


(@) (h +n) (by GAB) 
nh 
5h 
© Gen Gtr) 


(v) The algebraic sum of changes in potential 
around any closed loop involving resistor 
and cells in the loop is 
(a) more than zero (b) less than zero 
(c) zero .(d) constant 


An experiment was set-up with the circuit 
diagram shown in figure. Given that, R, = 109, 
R, =R, = 50,r=OQand E=5V 

CBSE 2021 (Term-1) 


(i) The points with the same potential are 
@bhod MFI Odef abs 
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(ii) The current through branch bgis 
ta ta @ta @2a 
3 2 3 


(iil) The power dissipated in R, is 
(a) 2W (b) 25 W 
()3W @4sw 

(iv) The potential difference across R; is 
@1sV (b)2V ()25V ()3V 


FILL IN THE BLANK 


24, 


Acopper wire of non-uniform area of 
cross-section is connected to a DC battery. The 
physical quantity which remains constant along 
the wire is 


VERY SHORT ANSWER Type Questions 


25. 


26. 


27. 


28. 


29. 


30. 


31. 


32. 


33. 


What is the significance of direction of electric 
current? 


Describe how the resistivity of the conductor 
depends upon 

(i) number density (n) of free electrons and 
(ii) relaxation time (1). 


Two conducting wires A and B of the same 
length but of different materials are joined in 
series across a battery. If the number density of 
electrons in Ais twice than that in B, find the 
ratio of drift velocities of electrons in two wires. 


How does the mobility of electrons ina 
conductor change, if the potential difference 
applied across the conductor is doubled, 
keeping the length and temperature of the 
conductor constant? CBSE 2019 


When a potential difference is applied across 

the ends of a conductor, how is the drift velocity 

of the electrons related to the relaxation time? 
CBSE 2019 


How is the drift velocity in a conductor affected 
with the rise in temperature? CBSE 2019 


Show variation of resistivity of copper as a 
function of temperature in graph. 


‘On what basic conservation laws, are 
Kirchhoff's laws based? 


Define the conductivity of a conductor. Write its 
SI unit. AllIndia 2017 
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SHORT ANSWER Type Questions 


34. 


35. 


38. 


39. 


AL. 


42. 


Figure below shows a plot of h 
current versus voltage for two 
different materials P and Q. 

Which of the two materials 
satisfies Ohm's law? Explain. 


Derive the expression for the 
resistivity of a good conductor in terms of the 
relaxation time of electrons. 


Write the expression for the resistivity of a 
metallic conductor showing its variation over a 
limited range of temperatures. 


Car batteries are often rated in unit ampere 
hours. Does this unit designate the amount of 
current, energy, power or charge that can be 
drawn from the battery? Explain. 


Two bulbs are rated (P,,V) and (P,,V). If they are 
connected (i) in series and (ii) in parallel across 
a supply V, find the power dissipated in the two 
combinations in terms of P, and P,, CBSE 2020 


Awire of length L, has a resistance Ry. It is 
gradually stretched till its length becomes 2L,. 
CBSE 2020 

(a) Plot a graph showing variation of its 
resistance R with its length L during 
stretching. 

(b) What will be its resistance when its length 
becomes 2 Ly? 


Awire of length Ly has a resistance Ro, It is 
gradually stretched till its length becomes 1.5 
Le: 

(a) Plot a graph showing variation of its 
resistance R with its length/ during 
stretching. 

(b) What will be its resistance when its length 
becomes 1.5 Ly? 


Is there some net field inside the cell, when the 
circuit is closed and a steady current passes 
through? Explain. 


The plot of the variation of vy 

potential difference acrossa gy 

combination of three 

identical cells in series versus 

current is as shown in the 

figure. What is the emf of o 1 
1A 

each cell? 
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43. R,, Ry and R, arc three different values of 


resistor R. Such that Ry >Ry>Rz 
‘A, Band C are the null points obtained 
corresponding to R,, Rz and Ry, respectively, 
For which resistor, the value of X will be most 


accurate and why? 
e 


A B c 
Hl 
1 


x 


The figure shows a plot of terminal voltage 
V versus the current J of a given cell. 


Calculate from the graph 


(i) emf of the cell. 
(ii) internal resistance of the cell. All India2017¢ 


6V 


avi — 


oon 20a! 


LONG ANSWER Type I Questions 


45. Using Kirchhoff's rules, calculate the current 


through the 40 Q and 20 © resistors in the 


following circuit. CBSE 2019 
. ay 202 
ap WwW 
402 
4 c 
! 
é Fie F 
40v (ea 


46. Show ona plot, variation of resistivity of (i) @ 


conductor and (ii) a typical semiconductor as # 

function of temperature. 

Using the expression for the resisti y in terms 

at number density and relaxation time betwee" 

eecollisions, explain how resistivity in the caS® 
Conductor increases while it decreases in 4 


Semiconductor, with the rise of temperature. 
cBse 20! 


current Electricity 163 


47, With the help of a suitab} 


5, le diagram, lai . aoe 41 
brief about the itivi » explain in 53. Write any two factors on which intern 
bridge? Sensitivity of Wheatstone résistance of a cell depends. The reading on @ 

high resistance voltmeter when a cell is 
48, Define the term current sensitivity of a connected across it is 2.2 V. 


galvanometer. In the circuits shown in the 


figures, the galvanometer shows no deflection 
in each case. Find the ratio of R, andR. 
a 


4a Ry 62 129 


When the terminals of the cell are also 
connected to a resistance of 5 Q as shown in the 
circuit, the voltmeter reading drops to 1.8 V. 


av a Find the internal resistance of the cell. 
j 


1 0; 54. The emf of a battery is 2 V and its internal 
All India 2017C. resistance is 2 Q, Its potential difference is 
: measured by a voltmeter of resistance 998 Q. 
LONG ANSWER Type II Questions Calculate the percentage error in the reading of 
emf shown by the voltmeter. 


49. Avariable resistor R is connected across a cell 
of emf E and internal resistance r, 55. For what value of unknown resistance y, the 
CBSE SQP (Term-1) potential difference between A and Bis zero in 
the arrangement as shown in figure given 


a) Draw the circuit diagram. 
fa) real a below? 


(b) Plot the graph showing variation of potential drop 
across Ras function of R. 


(c) At what value of R, current in circuit will be 


maximum? 
50. Astorage battery is of emf 8V and internal 
resistance 0.5 9 is being charged by DC supply 
of 120 V using a resistor of 15.5 Q. 
CBSE SQP (Term-I) 
(a) Draw the circuit diagram. 
(b) Calculate the potential difference across the 
battery. ; 
© Whats the purpose of having series resistance in 56. The resistance of a potentiometer wire of length 
circuit? 10 m is 20 2. Aresistance box and a 2V 
: accumulator are connected in series with it. 
NUMERICAL PROBLEMS What resistance should be introduced in the 
51. At20°C, the carbon resistor in an electric circuit box to have a potential drop of 11 V/mm of the 
connected to a 5 V battery has a resistance of potentiometer wire? 


200 Q. What is the current in the circuit when 


the temperature of the carbon rises to 80° C? ANSWERS 


82, Asemiconductor has electron concentration 
0.4510" m? and hole concentration 1 (@ 2 (a ¢ ' 
5x102° ms, Find its conductivity. Given, , . (@) . (@d 5. (a) 
electron mobility = 0.135 m’/Vs and hole 6@ 2@ 8% %20 101 


mobility = 0,048 m?/Vs,¢=1.6 x10°"C. 1 20 136 14 15 
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16. (a) With increase in temperature, avernge speed of the 
electrons, (which acts as the carriers of current) increases 
resulting in more frequent collisions. The average time of 
collisions 7, thus decreases with temperature. 

17, (a) Charge carriers do not move with acceleration but 
with a steady drift velocity. This is because of the 
collisions with ions and atoms during transit. 


18. (a) Bending will not increase the resistance of the 
conducting wire. Also drift velocity of electron is 
independent of bending of conductor... 

19. (b) Increasing the temperature of a conductor, the 
kinetic energy of free electrons increases. 

On account of this, they collide more frequently with 
each other (and with the ions of the conductor) and 
consequently their drift velocity decreases. 

20. (a) Manganin and constantan have very low temperature 
coefficient resistance. 

21 @) 
22. (i) (Net current, = —Netemt _ 
Total resistance 


(ii) (d) Equivalent emf of battery 
£=V,-Vp=e,- 15 


€, +8 
=e,-(2-= 
ath 
(iii) (@) Terminal A is positiveJif V, > Vy or Va — Vn > 0 
or (€)% — £24) >0 
oF yf > E2h 
(iv) (@ Since, 7, and r, are in series, so resultant resistance is 
r=n+h 


(¥) (Q Loop Rule The algebraic sum of changes in 

potential around any closed loop involving resistors and 

cells in the loop is zero. This rule is also obvious, since, 

electric potential is dependent on the location of the 

point. Thus, starting with any point, if we come back to 

the same point, the total change must be zero. In a closed 

Joop, we do come back to the starting point and hence the 

rule. Lir = ZV 

OH. GO, GH, GO 

24, Current 

25. Electric current is caused by the flow of electrons in a 
conductor. But the direction of electric current is taken 
as the opposite direction of movement of electrons. 


26. Resistivity of a conductor is given by p= a 
n 


(i) Resistivity p+, where nis the number density of 
n 


free electrons. 
(i) Resistivity p « 1 where tis the relaxation time. 
t 


27. As the wires A and Bare joined in series, the current 


through them is same. 
1,=4y 


' 


- \ 
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= (neAvy)y 
TAMdn 


(ncAv,) 

=> TAMA, 
Yay = Mo oh 

May Ma? 


28. The mobility of electrons in a conductor is given by 


= et 
pet 
m 
where, ¢ = charge on electron, m = mass of electrons ang 
= relaxation time. 


Also, tT. 
But here temperature (T) is kept constant, As mobility ig 
independent of potential difference, so there is no change 


init. 


aE 
29. Average drift velocity. vy = = t 


where, e = charge on electron, 


m= mass of electron, 
E = electric potential or field across conductor 


and t = relaxation time. 


E 
30. The average drift velocity, vy = —t 
m 


‘ion time. 
is directly proportional to the 


where, t = relax: 

‘The relaxation 

temperature of conductor i.e. 
tT 


i yet 
So, the drift velocity increases with rise in temperature. 

3L. Graph of resistivity of copper as a function of 
temperature is given below (resistivity of metals 
increases with increase in temperature). 


S 
B 


Resistivity p(10~8 a-m) 
o 
x 


° 


50 100 150 
Temperature T (K) — 


32. Kirchhoff’s current law is based on law of conservation 
of charge and Kirchhoff's voltage law is based on lav of 
conservation of energy. 


33. Refer to text on page 130, 


34, The plot of V versus I isa straight line for materials that 
obey Ohm's law. So, from the figure, material P obeys 
Ohm's law. 


35. Refer to text on pages 128 and 129, 
36. Refer to text on pages 129 and 130. 


37. Ampere hours is the unit of charge as ampere is the uit 
of current and hours is the unit of time. 


Charge = Current x Time. 


fas I= 
Me Ay, 


current Electricity 


r . vi 
tance P, is R, = — 
g§. The resist is R, P 


vy? 
and that P, is R, = - 


, 
() Inseries, R=R, +R, 
viov 


2 I Beane 
R+R, 
and P=P(R+R) 
vt 
“Rey! nt) 
| eatin sn RR 
RR) Al Ree 
veov?) BOP, 
2 yt ya 
(i) Inporallel, 2-141, VV VP 
RRR R RR 


P=R+P, 


39, (a) Initially, the resistance R, of a wire of length Ly is 
given by 


Ry =p oi) 


> Ry = Ly 
‘The variation of resistance R with length L during 
stretching is shown as 


R 


L 
(b) When a wire is stretched to 2L,, the area of wire 


A . 
becomes —*. So, the new resistance will be 
2 


Re feby . ape =4R, [using Eq. ()] 


Agl2 0 
+. The resistance of wire becomes 4 times of previous, 
40. (2) Refer to Q. 39 on page 162. 
(b) 2.25 R,; Refer to Q. 39 on page 162. 
41. Refer to text on page 140. 


42 When three identical cells are connected in series, the 
equivalent emf is given by 
Eng = E, +E, +E, =3E 
From the graph, 3E = 6V 


> p=o=w 
3 


+ Emf of each cell =3V 
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43. The figure given is'a potentiometer . The sensitivity of 
potentiometer can be increased by reducing the current 
in the circuit. This can be done by increasing the value 
of R, So, the value of X will be most accurate for R,. 

44. V=E-ir 
(i) When f= 0, then V = E. 

When i = 0, then V = 6V (from the graph) 
s-emf of the cell (E) =6V 
(ii) When {= 2A, then V =0 (from the graph) 


=3Q 


wE=irsr= 


i 2 


45, Taking loops clockwise as shown in figure. 


- 200 
A (- a 
h 
-  ¢ 400 if 


cL F 
4ov 102 
Using KVL in ABCDA, 
—80 + 207, +40(J, - 7,)=0 
=> 31, - 21, =4 0) 
Using KVL in DCFED, 
—40 (I, - 1) +101, —40=0 
= -41, +51, =4 ~ii) 
From Eqs. (i) and (ii), we get 
=4A 
and aA 
Thus, ly, 


2 

Ing =H =4A 

AG. (i) and (ii) Refer to text on pages 129 and 130. 
(Temperature Dependence of Resistivity) 
Refer to text on pages 128 and 129. 
(Resistivity of Various Materials) 

47. Refer to text on pages 153 and 154. 


48. Current sensitivity of a galvanometer is defined as the 
deflection per unit current. 


For balanced Wheatstone bridge, there will be no 
deflection in the galvanometer, 


46 
> —=- 3 
, 4 
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an the equivalent circuit, when the wheatstone bridge 
is balanced, there will be no deflection in the 


galvanometer. 
a 12 26. 
8 R 
= R, = 8240 
12 
R- 8/922 
R, 4 3 ' 
49. (a) Circuit diagram 
“ + 
r 
we 


(b) Variation of potential drop across Ras function of Ris 


-+(-| 


(c) The maximum value of current is obtained, when the 
resistance of external resistance R is zero, 


Imax == A 
r 


50. Given, E=8V, r=059; 
y =120V and R=1552 
@) 1550 129V pc supply 


ie. 


f 
We 


(b) Potential across battery in charging 
VaE+lr 
Effective voltage, V’ = V — E =120-8=112V 
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12 
The current in circuit, ! = =7 A 
saa 155 +05 
=V=8+7 x05 
=8+35=115V 
(c) Series resistor in the charging circuit limits th, 
current drawn from the external source. 


51. Refer to text on page 129. [Ans. 26 may 
52. Refer to text on page 130. [Ans. 3.84 Sm) 
53.. Refer to Example 1 on page 141. [Ans i al 
54. Given, E=2V 
r=2Q 
From the diagram, 
'2v20 
1H 
uF 
v 
998 2 
2 2 
2+998 1000 
VeE-Ir=2- ae 
1000 
= 2+ 0004 =1996 V 
.'.% error = 0004 *100= 0.2% 
55. As, V,-V,; =0 | 
Thus, it is a balanced Wheatstone bridge. {Ans. 1891 


56. Apply the balancing condition of a potentiometer 
Given, . E=2volt 
V =001 volt 
R=2Q/m 
Let ris resistance introduced in the box 


om r=398Q fans. 398 


Electricity and magnetism have been known to us for more than 2000 years and fated 
treated them as two separate subjects. The first evidence for the existence of relationship 
between electricity and magnetism was observed in 1820 by Hans Oersted, the man 


who himself used to demonstrate that electricity and magnetism had got no 
relationship with each other. 


MOVING CHARGES 
AND MAGNETISM 


So, in this chaprer, we will be goirig to study magnetism produced by a 
moving charge and further we will proceed with Ampere’s circuital law and &% CHAPTER CHECKLIST | 
its applications and at last, the chapter will be ended with magnetic force * Magnetic Field and Its | 
and torque between two parallel conductors. All the topics mentioned above 


Applications 
are discussed in detail, so it will be more interesting to understand them very © Ampere's Circuital Law 
arefully after going through each and every sentence very thoroughly. and Moving Ch: 


TOPIC 1| Experienced by a Current Loop 
Magnetic Field and Its Applications 


| 
Magnetic Force and Torque | 


MAGNETIC FIELD 


In electrostatics, we studied that a static charge produces an electric field. 
Similarly, a moving charge of current flowing through a conductor produces a 


magnetic field. ; 
The space in the surroundings of a magnet or a,current carrying conductor in 
Which its magnetic influence can be experienced is called magnetic field. 
2 
The SI unit of magnetic field is tesla (T) or weber/metre? (Wbm™) or 
NAw'm~! and its CGS unit is gauss (G). 
1 tesla = 104 gauss 


Oersted’s Experiment 

{n the summer of 1820, HC Oersted by his experiment concluded that a 
euttent carrying conductor deflects magnetic compass needle placed near ic. i 
found that the alignment of magnetic needle is tangential to an imaginary circle 
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which has th 
Perpendicul, 


© straight wire as its centre and has its plane 
‘ar to the wire as shown in Fig. (a). 


Fane current i reversed, the needle is deflected in opposite 
indi nas shown in Fig. (b). The deflection of the needle 
Keates that a magnetic ficld is established around a 
Current carrying wire. On increasing the current in the wire 
or bringing the needle closer to the wire, the deflection of 
the needle increases. He also found that the iron filings 
sprinkled around the wire arrange themselves in concentric 
Circles with the wire as the centre as shown in Fig. (c). 
This experiment shows that the magnetic field is produced 
due to electric current. Electric current: means moving 
charge, so it can be concluded that moving charges produce 
magnetic field in the surroundings. 
Note A current or field (electric or magnetic) emerging out of the 
Plane of the paper is represented by a dot (@) and going into the 
Plane of the paper is represented by a cross (8). 
Consider a conducting wire AB be placed over the magnetic 
needle parallel to it. It will be found that the North pole of 
needle gets deflected rowards the West as shown in Fig, (c). If 
the direction of current is reversed, then the North pole of 
needle gets deflected towards East as shown in Fig. (f). 


Ee ed Bie ke BY 
eater | T 4 fF 
Ae iB * lB = le 
ao BD ® 
@) © o 
Direction of deflection of 


magnetic needle 
The direction of deflection of magnetic needle due to 
current in the wire is given by Ampere’s swimming rule, 


Ampere’s Syne nue 
: is rule, if we imagine a man is swimmin 

According to his he direction of current with his fee 
along 4 towards the magnetic needle, so thar the current 
curned’ jhrough his feet and leaves at his head, then the 
enters SbF” ie needle will be deflected towards his left 
North poe tle can be recollected with the help of the word 
band It means, current from South to North, in a wire 
SNOT magnetic needle, the North pole of the needle is 
ove 


deflected rowards West. 
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C FIELD DUE To 
MAGN RENT ELEMENT : 
A OT-SAVARTS LAW 


Bior-Savart's law is an experimental law predicted by Bi 
iat eaart This law deals with the magnetic Feld indug 
and st due to a small current clement (a part of 

ata ‘ 

conductor, carrying current). " 
Let XV-be current carrying conductor, J be current in 
‘conductor, a! be infinitesimal small clement Of the 
condileior dB be magnetic field at point P at a distance, 
from the element. 


Current 
element 


According to Biot-Savart’s law, the magnitude of magnetic 
field induction (@B) at a point P due to a current element 
depends on the following factors 
@ dB «I (i.e. magnetic field is directly proportional 
the current flowing through the conductor). 
(ii) dB e dl (i.e. magnetic field is directly proportional 1 
the length of the element). 
(ii) dB sin @ (ue. magnetic field is directly proportional a 
the sine of angle between the length of element and 
line joining the element to point (P). 


. te 
(iv) dB oc (i.e. magnetic field is inversely proportion! 


to the square of distance between the: element and 
point P). Combining all the above relations, 


dB x Idl sin 8 
r 
This relation is called Biot-Savart’s law. 
If conductor is 


“co placed in air ic field 
is given by or vacuum, then magneti 


where, Bo ; i 
ee ia Proportionality constant, [Lg is the 


eat Of Free Space. Wo= 4x 107-7 Tm/A 
/A-m), its dimensions are (MLT7A~]. 


Moving Charges and Magnetism 


In vector form, Biot-Savart’s law can be wtitten as 
Idixr te 
dBa— Ho idixr (i) 
r 4n 3 * 

» From Eq. (i); the direction of dB would be the direction of 
the cross-product vector (41 r), which is represented by 
the right handed screw rule or right hand thumb rule. 
Here, d B is perpendicular to the plane containing @] and r 
is directed inwards (since, point P is to the right of the 
current clement). 

Magnetic field induction at point P due to current through 
entire wire is 


My Idlxe 
B={5. 
4n 
‘thy Idlsin® 
or B= rem ra 


Biot-Savart’s law in terms of current density. J can be 
written as 


aB 


by Jxe 1 Idl Id 
=: dv. [uw f=—a= = 
4x [ J A Ad dV 
where, J = current density at any point on the current 
element and dV = volume of the element. 
Biot-Savart’s law in terms of charge (g) and its velocity (v) 
can be written as 
Mo gv x4) 4 page | 
=52.4 |; Idl=— dl= =qv 
ae 4n op? dt 1% 7 
Bio-Savan’s law in terms of magnetising force or 
magnetising intensity (1) of the magnetic field is 
in SI or MKS system, 


aB_1 idlxr_ 1 ddlxt 
Sag i ot ode 
1 Hdlsin® 
én? eo 
Idl sin 
InCGS units, de = “0% and dif =F 


r 


Features of Biot-Savart’s Law 
‘ome important features of Biot-Savart’s law are as follows 
() This law is analogous ro Coulomb's law in electrostatics. 
i) The direction of aB is perpendicular to both /dland r, 
__Ttis given by right hand chumb rule. ; 
Gi) 176 = 0°, ie, che point P lies on the axis of the ine 
Conductor carrying current (or on the wire carey g 
Current), then 


169 


Ic means that there is no magnetic field induction at 
any point on the thin linear current carrying 
conductor. 

(iv) If ©=90°, i.e. the point P lies at a perpendicular 
position with respect to current element, then 


dp = to. fd 
4n r 


=, which is maximum. 
If @= 180°, then dB =0, which is minimum. 


Similarities and Differences between 
Biot-Savart’s Law and Coulomb's Law 
The Biot-Savart’s law for the magnetic field has certain 
similarities as well as differences with the Coulomb's law for 
the electrostatic field. Some of these are as follows 

(i) Both are long range, since both depend inversely on 
the square of distance from the source to the point of 
interest. The principle of superposition applies to both 
fields. (In this connection, note that the magnetic field 
is linear in the source Id I just as the electrostatic field is 
linear in its source, the electric charge.) 

(ii) The electrostatic field is produced by a scalar soiurce, 
namely, the electric charge. The magnetic field is 
produced by a vector source [dL 

(iii) The electrostatic field is along the displacement vector 
joining the source and the field point. The magnetic 
field is perpendicular to the plane containing the 
displacement. vector r and the current element Jd. 

(iv) There is an angle dependence in the Biot-Savart’s law, 
which is not present in the electrostatic case. The 
magnetic field at any point in the direction of dl is 
zero. Along this line, @ = 0°, sin 0°=0, so|dB|=0. 


Permittivity and Permeability 

Electric permittivity €4 is the physical quantity that 
determines the degree of interaction of electric field with 
medium, However, magnetic permeability Hg is the 
physical quantity chat measures the ability of a substance to 
acquire magnetisation in magnetic field, ie. che degree of 
penetration of matter by B. 


The relation between €y and }lg is always a constant, i.e. 
° 0 


Mo & =(4me,) x (i) 


_1x107 
“9x10? 
ane See 
~ x10")? 
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MAGNETIC FIELD DUE TO 

A CURRENT CARRYING 
CONDUCTOR 

Radial magnetic field created by a current element is 
Perpendicular to both current element d/ and position 
vector r. 

Magnetic field B for a straight wire of finite length is given 
y 


B bot (cin + sin B) 
1 C3Oe 


According to right hand thumb rule, the direction of 
magnetic field in this case is perpendicular to the plane of 
paper and directed inwards. 

Magnetic field B for infinitely long wire, 


then 


The directién of the magnetic field associated ‘with a 
current carrying conductor can be determined by right 
hand thumb rule or Maxwell's cork screw rule. 


Right Hand Thumb Rule 
According to this rule, if we c 
imagine a linear wire conductor to preci 
be held in the grip of the right of current 
hand such that the thumb points 

in the direction of current, then 
the curvature of the fingers 
around the conductor will give the 
direction of magnetic fleld lines. 


Maxwell's Cork Screw Rule 


y 


Direction of 
} magnetic 
lied 


Direction 
of current 


According to this rule, if we 
imagine a right handed cork 
screw placed along the current 
carrying wire conductor, rotated 
that the screw moves in the direction of current, then the 


direction of rotation of the screw gives the direction of 
magnetic field lines. 


such 
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EXAMPLE [1] A current 10 Ais flowing East to Westing 
long wire kept horizontally in the East-West direction 
Find the magnitude and direction of magnetic field ing 
horizontal plane at a distance of 10 cm North. 
Sol. Given, current, / = 10 A (East to West) 
Distance, r=10 em=10 x10 *m 
Magnetic field, |B | =? 


10.¢m 
West East 


10A 
The magnitude of magnetic field |B| for infinite length of 


7 
4m x10" X10 _ ag sp 


= [BI= 
2x X10 X10 


The direction of magnetic field is given by right hand 
thumb rule or Maxwell’s cork screw rule. So, the 
direction of magnetic field at point 10 cm North due to 
flowing current is perpendicularly inwards to the plane 
of paper. 


EXAMPLE |2| Find an expression for the magnetic field 
at the centre of a coil bent in the form of square of side 2, 
carrying current J as shown in the figure. 

Sol. Given, 0,= 45°, 8, = 45° 


A 2a a 


alr 


D fe 


oe magnetic field due to each side at point Ois given 
y 

B= altel (sino, +sin®,) Mo 
a Mol (41 1)_ ven, 
_ (ery) as 
MAGNETIC FIELD ON 
THE AXIS OF A CIRCULAR 
CURRENT CARRYING LOOP 
Let us consider a circular h 
the plane of the coil be 
Paper and current / be 


Suppose P is any point o 
from the centre C. 


(sin45°+sin 45°) 


loop of radius @ with centre C. Let 


Moving Charges and Magnetism 


Now, consider a current element Id! on top (Z), where 
current comes out of paper normally, whereas at bottom 
(Mf), current enters into the plane paper normally. 

< IPLadl 


Als, 


The magnetic field at point P due to the current 
dlement Idl, according to Biot-Savar's law is given by 
pate. Ldlsin 90° jy I 

4n (?+a*) 4m (7? 442) 
where, a= radius of circular loop 
and r= distance of point P from the centreC 

along the axis. 
According to right hand screw rule, the direction of dB is 
perpendicular to LP and along PQ, where PQL LP. 
Similarly, the same magnitude of magnetic field is obtained 
due to current element /d/ at the bottom and direction is 
along PQ’, where PQ’ L MP. 
Now, resolving dB due to current element at L and 
M So, dB cos components balance each other and net 
magnetic field is given by 


a 
2) f+ a? 


or 


For N turns, the net magnetic field is given by 


{71 


The direction of B is along the axis and away from the 
loop, when current in the coil is in anti-clockwise direction. 


Hot 
2a 


yl 


Variation of magnetic field induction 
(8) with distance r 


EXAMPLE |3| A circular coil of 120 turns has a radius of 
18 cm and carries a current of 3A. What is the magnitude 
of the magnetic field at a point on the axis of the coil at a 
distance from the centre equal to the radius of the circular 
coil? 

Sol. Given, number of tums N =120, current J = 3A, radius of 
coil,r = 18 cm= 0.18 mand distance from the centre to a 
point on axis,a=r=0.18m 
As, B=—ttoN! @ _ 4% 107” x 120 3x (0.18)° 

2a? + r?)3/? 2{(0.18)* + (0.18)? 
= B=44x10°T 


MAGNETIC FIELD AT THE 
CENTRE OF A CURRENT 
CARRYING CIRCULAR LOOP 


Consider a circular loop of radius R carrying current Z. 
Magnetic field at its centre C is given by 


Lol 
putto 
2R 
is obtained by setting r = 0 in previous relation (ii). 
If we take a coil having V number of turns, then magnetic 


field at its centre is a 
[ B= HoNT | 
2R 


‘The direction of magnetic field ac the centre of circular loop 
is given by right hand rule. 

Similarly, magnetic field at the centre of a semi-circular 
Hol 
4 


wire of radius &, carying current /s given by , B= 2 
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SS Ri 
Right Hand Rule 
According to this rule, if we hold the thumb of right hand 
mutually perpendicular to the grip of fingers such that the 
Curvature of fingers depicts the direction of current in circular 
wire loop, then the thumb will point in the direction of 
magnetic field near the centre of loop. 


L | 


Note As current camying loop has the magnetic field lines around 
it thus, it behaves as a magnet with two mutually opposite poles. 


Ce 


The anti-clockwise flow of current behaves like a North pole, whereas 
clockwise flow as South pole. 


EXAMPLE [4| 4 circular coil of wire consisting of 
100 turns, each of radius 8.0 cm carries acurrent of 0.40 A. 
What is the magnitude of the magnetic field B at the 
centre of the coil? NCERT 
Sol. Here,n=100, r=8cm =8x10~m and J =040A 
*. Magnetic field B at the centre, 
o 2nin 1077 x 2x 3.14% 040% 100 _ 4) gray 


anor 8x10" 


EXAMPLE [5] The magnetic field B due to a current 
carrying circular loop of radius 12cm at its centre is 
0.5 10~T. Find the magnetic field due to this loop at a 
point on the axis at a distance of 5.0 cm from the centre. 
Sol. Magnetic field at the centre of a circular loop, 
py, = Hel 
‘aR 
2 
and that at an axial point, B, = gt 


3 


(RE + x? 


Thus, or B= B, 


BR 

B, ~ +xpe 
Substituting the values, we have 
(2)? 


= (0.5% 10)| ——~, |= 3.9x 10° T 
By = (0.5% {tte T 
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EXAMPLE |6| An electric current is flowing jn i 
circular coil of radius a. At what distance from the centre 


on the axis of the coil will the magnetic field be : th oft 
value at the centre? 


Sol. Magnetic field induction at a point on the axis at 
distance x from the centre of the circular coil carrying 


current is 


Magnetic field induction at the centre of the circular cai 
carrying current is 
By 


But as per question, B, 


=> 
= 


EXAMPLE |7| A long insulated copper wire is closely 
wound as a spiral of N turns. The spiral has inner radiusa 
and outer radius b. The spiral lies in the XY-plane anda 
steady current I flows through the wire. Find the 
Z-component of the magnetic field at the centre of the 
spiral. 

y 


Sol. If we take a small strip of drat distance r from centre, 
then number of turns in this strip would be 


an =(—“_) a, 

b-a 
Magnetic field due to this element at the centre of the 
coil will be 


dp=Ho(AN _ WoNT dr 
2r 2(b-a) r 


= MoM | (b 
2(b-a) n () 
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TOPIC PRACTICE 1 | 


OBJECTIVE Type Questions 


{, Amagnetic field can be produced 
(a) only by moving charge 
(b) only by changing electric field 
(c) Both (a) and (b) 
(d) None of the above 


2. Biot-Savart law indicates that the moving 


electrons (velocity v) produce a magnetic field 


Bsuch that NCERT Exemplar 
(a) Bis perpendicular to v 


(b) Bis parallel to v 
(c) it obeys inverse cube law 
(d) it is along to the line 


joining the electron and point 
of observation 


3. An element AI = Ax jis placed at the origin and 
carries a current I=10 A. 


Hark 
If Ax =1cm, magnetic field at point P is 
(a) 4x107° kT (b) 4x107° iT 

(c) 4x107* jT (a) -4x10°° jT 


a 


There is a thin conducting wire carrying 
current. What is the value of magnetic field 
induction at any point on the conductor itself? 
(a) 1 (b) Zero 

(c) -1 (d) Either (a) or (b) 
Ahelium nucleus moves in a circle of 0.8 m 


Tadius in one second. The magnetic field 
Produced at the centre of circle will be 


wo 


(pty x10” (b) Hq x10" ” 

. 2x10" 

(©) 2p, x10" Q= 
° 


VERY SHORT ANSWER Type Questions 


' In what respect does a wire carrying a current 
differ from a wire, which carries no current? 
7. How can you justify that a current carrying wire 
Produces magnetic field? 


14. 
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8. Give the dependence of magnetic field 
produced by a current conductor, 


9. State Biot-Savart’s law and express this law in 
the vector form. All India 2017 


10. Among Biot-Savart’s law and Coulomb's law, 


which one is angle dependent? 


11. Name the kind of magnetic field produced by 
an infinitely long current carrying conductor. 


12. Draw the magnetic field lines due to a current 


carrying loop. Delhi 2013 


13. An electron is revolving around a circular loop 


as shown in the figure. What will be the 
direction of magnetic field at the point A? 


There is a circuit given below, where APB and 
AQB are semi-circles. What will be the magnetic 
field at the centre C of the circular loop? 


SHORT ANSWER Type Questions 


15. State Biot-Savart’s law. A current 
I flows in a conductor placed 
perpendicular to the plane of 
the paper. Indicate the direction 


“lt 

ol 

o-=—— 
of the magnetic field due toa / 


small element dl at a point P / 


situated at a distance r from the : 

element as shown in the figure. Delhi 2009 
16. An element Ai = Aviis ¥ 

at the origin (as shown in P 

figure) and carries a current 

1 = 2A. Find out the magnetic 

field at a point P on the «---9 x 

Y-axis at a distance of 1.0 m wl 

due tothe element Av=wem. / 

Also, give the direction of z 

the field produced. Delhi 2009 


17. 


Find the magnetic field at point P due to the 


current carrying conductor of current J as 
shown in the figure. 
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18. 


19. 


21. 


_asurrent loop of radius R carrying an 

nl sclockwise current J is placed in a plane 
Parallel to YZ-plane.Then, what will be the 
magnetic field at a point on the axis of the 
loop? 
A circular coil of closely wound N turns and 
radius r carries a current J in the clockwise 
direction. Find 

(i) the direction of magnetic field at its centre. 


ii) the magnitude of magnetic field at the 
centre. All India 2012 


A straight wire of length L is bent into a 
semi-circular loop. Use Biot-Savart’s law to 
deduce an expression for the magnetic field at 
its centre due to the current J passing 
through it. Delhi 2011C 


Awire of length L is bent round in the form of a 
coil having N turns of same radius. If a steady 
current / flows through it in clockwise 
direction, then find the magnitude and direction 


of the magnetic field produced at its centre. 
Foreign 2009 


qwo identical circularloopsP = ._ >, 
and Q, each of radius r and 2 
carrying equal currents are 

kept in the parallel planes 

having a common axis passing P' 


through O. The direction of 
current in Pis clockwise and in Q is anti-clockwise 


Ss seen from O, which is equidistant from the 
loops P and Q. Find the magnitude of the net 
magnetic field at O. Delhi 2012 


[e} 
Q 


LONG ANSWER Type I Questions 


23. 


24. 


ot-Savart’s law to derive the expression 
tic field on the axis of a current 


Jar Joop of radius R. 
ic field lines due to a circular 
Delhi 2016 


Use Bi 
for the magne 
carrying circu! 
Draw the magnet 
wire carrying current (1). 
Biot-Savart's law, write the expression for 
field B duc to an element dl 

nt J at a distance r from it ina 


Using 
the magnetic 
carrying curre 
vector form. 


LONG 


25. 


26. 
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Hence, derive the expression for the magnet, 
field due to a current carrying loop of radius 
ata point P and distance x from its centre alon, 


the axis of the 100. Delnian® | 


ANSWER Type IJ Questions 

-gavart's law expressing it in the | 
m. Use it to obtain the expression fo, | 
the magnetic field at an axial point distance q 
from the centre of a circular coil of radiusa 
carrying current J. Also, find the ratio of the 
magnitudes of the magnetic field of this coil at | 
the centre and at an axial point for which 


d=av3. Delhi 2013¢ 


wo very small identical circular loops (1) and 
(2) carrying equal current J are placed vertically 
(with respect to the plane of the paper) with 
their geometrical axes perpendicular to each 
other as shown in the figure. Find the 
magnitude and direction of the net magnetic 
field produced at the point O. Delhi 2013 


State Biot 
vector fort 


NUMERICAL PROBLEMS 


27, 


28. 


29 


30. 


Acurrent of 5 Ais flowing from South to North 
in a straight wire. Find the magnetic field due 

to a lcm piece of wire at a point 1m North-East 
from the piece of wire. All India 201! 


An clement dl = dx i (where, dx =1cm) is placed | 
at the origin and carries a large current / = 104 


What is the magneti : 
i netic fiel - ata 
distance OfObey \d on the Y-axis cell 


Along straight wire in the horizontal plane 

aIReCtICn Giro nonin fase 

sea wtion-Give the magnitude and direction of! 
Point 25 m East of the wire. nest 


ia ei 
to adem Aand B have the same length equil 
and carry a current of 10 A each. Wit? 


Ais bent i 
into a ci ae ; 
square,” + Ci¥ele and wire Bis bent jnto® 
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31 


32 


33. 


34. 


35. 


36, 


(i) Obtain the magnitudes of the fields at the 
centres of the two wires, 


(ii) Which wire produces a 


2 greater magnetic 
field at its centre? 


Atightly wound 100 turns coil of radius 10 em is 
carrying a current of | A. What is the 


magnitude of the magnetic field at the centre of 
the coil? NCERT 
The wire shown in the figure carries a current 


of 10 A. Determine the magnitude of magnetic 


field induction at the centre O, Given the radius 
of bent coil is 3 cm. 


Two identical circular coils, Pand Q each of 
radius R, carrying currents 1 A and /3 A 
respectively, are placed concentrically and 
perpendicular to each other lying in the XY and 
YZ-planes. Find the magnitude and direction of 
the net magnetic field at the centre of the coils. 
All India 2017 


A straight wire carrying a current of 10 Ais bent 
into a semi-circular arc of radius 2.0 cm as 
shown in the figure. What is the magnetic field 
atO due to 

(i) straight segments 

(ii) the semi-circular arc? 


eel qin. 


Two concentric circular coils x and y of 
radii 16 cm and 10 cm respectively lie in the 
same vertical plane containing the North to 
South direction. Coil x has 20 turns and carries 
a current of 16 A, coil y has 25 turns and carries 
a current of 18 A. The sense of the current in xis 
anti-clockwise and clockwise in y, for an , 
observer looking at the coils facing West, Find 
the magnitude and direction of tee a 

i ils at thei 4 
Magnetic field duc to the coil nce 


Two identical loops P and Q each of radius em 
are lying in perpendicular planes such that they 
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have a common centre as shown in the figure. 

Find the magnitude and direction of the net 

magnetic field at the common centre of the two: 

coils, if they carry currents equal to 3 Aand 4A, 

respectively. Delhi 2017 
1°) 


| HINTs AND SOLUTIONS | 


1. (@) Electric current or moving 


charges produce magnetic 
field around them. 


- (a) In Biot-Savart’s law, magnetic field B|| idl x rand idk 
due to flow of electron is in opposite direction of y and 
by direction of cross product of two vectors, ie. 

Bly 
. (a) The magnitude of magnetic field, 


jap) = Ho Lal in® 
an 


ie., = 4x108 T 


AS, Ix = Aix yes y Av(ix Jy ark 
So, the direction of the field is in the + Z-direction, 


(b)| ap} = He dal ier By, Jdlsin 8 
? aT oe 


= 


an 
If point lies on the conductor, then 8 = 0° or 180°, 


So, sin = 0, thus dB = 0, Hence, the magnetic field 
induction at any point on the conductor itself is zero, 


ad 


(c) The magnetic field at the centre of circle, B= ~ 


‘The charge on helium nucleus is 2e, so 
2e 


Current, i 
‘ | or | 


= palo Xtexio”? x2 
2x08 
= 2, x10°" N/A-m 


i} 
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6. A current carrying wire produces magnetic field but Here 
wire which does not carry current has no magnetic field, v 


7. Ican be justified by placing a magnetic needle around 
current carrying wire, which show's deflection of needle. 
8. Magnetic field produced by a current conductor is 3 
( Directly proportional to the current flowing through Id! = 2x wi 
the conductor, length of the element and sine of the oa F=j = |r]=lm 
angle between the length of the element and line Low | 
joining the clement to the point ro are | 
(ii) Inversely proportional to the square of the distance fi? | 
between the element and the point. = |aBl=o | 
9. Biot-Savart’s law states that, the magnitude of magnetic asl 
‘art's q fe srection ® +Z-axis. 
field intensity (dB) at a point P due to current element is and direction along 
given by 17. Refer to text on page 170. 
Idlsin® of an 450 4 cin 45°) = He cc af’a = Heol 
& Po +sin 45°) = xv2=— 
dB : Bp= ae 45° +sin 45°) = avenr 
a ap He Talsin® 18, Refer to text on pages 170 and 171 
: TR 19. (i) Inward 
‘Thus, in vector notation, (ii) Refer to text on page 171. 


20. According to the questions the wire will now look like. 


10. Biot-Savart’s law is an angle dependent law. 


YL An infinitely long current carrying conductor produces 
magnetic field in the form of concentric cireular loops in 


a plane of straight conductor. 
12. Magnetic field lines due to a current carrying loop is «dts a Bebb nad elle 
aS e Length of wire = Circumference of semi-equal circular 


N 
L=ar 
ir = zat ali) 
ra 
Considering a small element dion current loop. The 
s magnetic field dB due to small current element Id! at 


centre C. Using Biot-Savart's law, we have 


18. As, electron is revolving clockwise, therefore 
conventional current due to the motion of electron will 
be in anti-clockwise direction. 

So, according to right hand rule, magnetic field at point 
Awill be in outward direction. 

14. Magnetic field due to loop APB ab the centre is given by 

nate 

da 


B= casas 


abet 


Magnetie field due to loop AQBal the centre is given by s 
Mol an? } 
Bea Hy IL 
+ 4a sit. 
So, net magnetic field at centre = B, + B, =0 (zero) 4x (Li? an BE aL 


15. Refer to text on pages 168 and 169. which is the required expression. 


1G. Biot-Savart's law states that 
He Adi xé 
aD on (rf 


21. When a straight wire is bent into the form of a cite!" 

+ coil of Nturns, then the length of the wire is equal !° 
circumference of the coil multiplied by the number © 
turns. Let the radius of coil be r. 
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As, the wire is bent round in the form of a coil having N 
turns. ‘ 


1. Nx circumference of the coil = Length of the wire 
Ee) (2nr) x N= 
=> 


wali) 
Magnetic field at the centre due to N turns of acoil is 


given by 
Ho (NT) 


5 He (NE) 


*(era) 


The direction of magnetic field is perpendicular to the 
plane of loop and entering into it, 


[from Eq. (i)] 


22. Magnetic field at O due to two loops will be in same 


direction (Q + P, along the axis) and of equal 
magnitude. ‘ 


B= B, + B, but B, = B, 


Halt? 
= B=2B,=2)/——*  __ 
a 2(r? +P ype 
= Hol? _ ol 
; (ar? p? ge 3 
alta 
"2 Be, 


23. Refer to text on pages 170 and 171. 


For magnetic field lines Refer to Sol. 12. 
Refer to text on pages 168, 169, 170 and 171. 
Refer to text on pages 168, 169, 170 and 171. 
In this answer, put r = d. 


Magnetic field induction at the centre of the circular coil 
carrying current is 


24, 
25. 


pa Ho. 2ml yg Ho,_onail 
eg ae aye 
= Al axa dt 
Be Gad? aay? 
= @ 
~ 
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26. The magnetic field at a point due to a circular loop is 
given by 
pelo, 2nla? 
4n (a+r)? 
where, I = current through the loop, 
adius of the loop 
and r= distance of O from the centre of the loop. 
Since 1, a and r = x are the same for both the loops, the 
magnitude of B will be the same and is given by 
[ly 2ntla? 
B, = 
4n (a +x?y? 


‘The direction of magnetic field due to loop (1) will be 
away from O and that of the magnetic field due to loop 
(2) will be towards O as shown. The direction of the net 
magnetic field will be as shown below 


‘The magnitude of the net magnetic field is given by 
Buec = Bi +B; 
— Ho, 2n Vila? 
4n (a +x? yr 
27. Here, 1=5 A,dl=1cem=001m,r=1m,0=45° 
[+ direction is North-East] 
gp — He, Hlsin ® 
an? 
2107? y¢ 3X01 X sin 45° 
ay 
Its direction is vertically downwards, 
28. Here, dl=dx 


=354x10°T 


=lem=10*m 
T=10A,r=05m 
Using Biot-Savart's law, 


idx to Idx ss 
ayaa abe ixj) 


07 x 10% 107? 5 
(0.5)* 
=4 x10 kT 


4 
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29. Refer to Example 1 on page 179. [Ans. 4 x10T] 
80. Given, J = 10 A, length of each wire = 44 em 


(i) Let r be the radius of wire A when it is bent into a 
circle. 


= 9 onr=4d > r=—m 
100 


Magnetic field at the centre of the circular coil 
carrying current is given by 


ant 

pate 281 197 x 2x 2 x10x 0 = 9x10 T 
4xnor 7 v3 

When another wire is bent into a square of each 

side L, then 


4L=44 = L=1lem=0.11m 
Since, magnetic field induction at ,a point, at 
perpendicular distance a from the linear conductor 
carrying current is given by 


Heli ; 
palo! (cin, +sin®. 
eae a 


Baax Hol (sin a5? + sin4s®) 


4ta 
10 1 1 
aaxao x (+ ) 
(i700) V2 * V2, 
=103x10°T 


(i) The magnetic field due to a square will be more than 
that due to a circle of same perimeter. 


BL Refer to Example 4 on page 172. [Ans. 6.28 x10“ T] 


32. Here, 1 =10 A,r =3em, r=3x10 m 
Angle subtended by coil at the centre, 
@=360°—90° = 270° -= rad 
Magnetic field induction at O due to current through 
circular path ACB is 


pate t eqs? xx 
4n 7 (x107) 2 
= 157 «10° T 


33, Magnetic field due to circular wire P, 


el +] 


[along vertically upwards] 
Holy 
2R 


Magnetic field due to circular wire Q, 
Hoy Pile {along horizontal towards left] 


Nel magnetic field at the common centre of the two coils, 


B= Bi + BB 


34. (i) Magnetic field due to 


35. 


| 
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2R 
Ho . 2 2 
= RR, ith +h) 
=o [if+8 


_4nx107 lt + ay 
2xR 


= An x10" 
R 


Resultant magnetic field makes an angle 8 with direction 


of Bg, which is given by 


Bp _ 1 
tan 8 = ——=-—— 
By v3 
0=30° | 


straight segment is 


B= Ho. ees r 
amor 

For point O, dl and r for each element of straight 

segments PQ and RS are parallel. 

Therefore, dI x r=0. 

Thus, magnetic field due to straight segment is zero. 
(ii) Magnetic field at centre O due to semi-circular are 
field at centre of circular coil 


ygne 
; 
= 1 (lat) = tal _ (4m x10" 7) x10 | 
2lar) 47 4x2xi0* | 
[given, [=10 A and r= 20cm= 2x10" a | 

me x10" 5 T 


North 
Xa = 184 
Ny) East 


For coil x 

Radius of coil, r, = 16 cm =0.16m, 
Number of turns, n, = 20 
Current in the coil, 1,=16A 
(anti-clockwise) 

For coil y 


Wost 


Radius of coil, r, =10 cm = 0.1m seam 
Number of turns, n, = 25 
Current in the coil, 1, = 18 A (clockwis) 


‘The magnitude of the magnetic field at the centre of coll 
a Ho 2lnny 


an n 


= 4 
0.16 =4nx10°*T 
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The direction of magnetic field duc to the coil x at centre 
Ois towards right, ie. East, according to right hand 
thumb rule. The magnitude of the magnetic field at the 


centre of coil y, 
3,4 ey 107 x 2x nx 18x 25 
ry 01 
=9n xX107°T 
The direction of magnetic field due to coil yatcentreO. 


is towards left, ie. West, according to right hand thumb 
rule. Here, the magnitude of B 


a yis greater than B,, so the 
resultant magnetic field will be in the direction of B, ic. 
left (West). 


Net magnetic field at the centre, B= By - B, 
=(9n-4n)10°T 


|TOPIC 2| 
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=5nx10'T 


(5, and B, are opposite to each other] 
= 16x 10° T [towards West] 


aT dace 
36. By = {BR +B = (te) (4 2) 


ar 2r 
7 
abe fbi = tex ys 
ar 25x10 
= anx10° T 


Resultant magnetic field makes an angle @ with By which 
is given by, 


Ampere’s Circuital Law and Moving Charges 


AMPERE’S CIRCUITAL LAW 


According to this law, the line integral of a magnetic field B 
around any closed path in vacuum is [Ly times the net 
current /,., enclosed by the curve. 


c 
vi I 
Boundary ‘Surface 
Mathematically, 
§B l= Hols 


Ampere's law is applicable only for an Amperian loop as the 
tuss's law is used for Gaussian surface in electrostatics. 
The choice of an Amperian loop has to be such that, at each 

Point of the loop either 
(i) Bis tangential to the loop and is a non-zero constant 
i) Bis normal to the loop 
(ii) B vanishes ; 
Ampere's circuit as the Biot-Savart’s 
tal law has same conten! 
baw. Both of these relate magnetic field and current od 
“Press the same physical consequences of a steady electrical 


current. ‘Ampere’s circuital law holds for any loop but does 
not always facilitate. Ampere’s circuital law can be 
conveniently applied in situations of high symmetry. eg. To 
find magnetic field of a straight wire, magnetic field of 
solenoid and toroid as discussed in coming sections, 


Magnitude of Magnetic Field of a 
Straight Wire using Ampere’s Law 


Magnetic field due co a straight conductor at a point P ata 
distance (r) is in the form of a circle of radius (r) which is 
taken as closed path for Amperian loop. 


[Amperian 
1 top 


Angle between B and dl is zero, everywhere in this path, 
Hence, on applying Ampere’s law to this closed path, we get 


GB-dl =pigl or f Bal cos” = py! 
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= Bg dl=yg! 


> BX 2nr =[o/ or 


From the result, some important points can be derived, 


(@) The magnetic field at every point on a circle of radius 
ris same in magnitude. The magnetic field around a 
wire possesses cylindrical symmetry. 


I 


@) Magnetic field 
around the wire 


(ii) The field direction at any point on this circle is 
tangential to it. The lines of constant magnitude of 
magnetic field forms concentric circles. The circular 
lines are called magnetic field lines. 

(iii) Even though the wire is of infinite lengeh, the field 
due to it at a non-zero distance is not infinite. 


EXAMPLE |1| A straight wire carries a current of 3 A. 
Calculate the magnitude of the magnetic field at a point 


15 cm away from the wire. 
Sol. Here, current, | =3A, point where magnetic field is to 
be determined, a =15 cm =0.15m 


“Magnitude of magnetic field, B= Ho2l 


4na 

_ 107 x 2x3 
~~ 015 
=4x10°°T 


THE SOLENOID AND 
THE TOROID 


‘A solenoid is an insulated long wire closely wound in the 
form of a helix. Its length is very long as compared to its 
diameter, The toroid is a hollow circular ring on which a 
large number of insulated curns of a metalic wire are closely 
wound. The solenoid and the toroid are nwo equipments 
which are used to produce magnetic fields. 

In television, we make use of solenoid to generate magnetic 
field needed for the deflection of electrons in picture tube. 
Toroid is used in devices such as synchroton in which high 
magnetic field is required, which is generated by either a 
toroid or combination of both solenoid and toroid. 
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Both solenoid and toroid have symmetrically geomey, 
shapes, therefore we can apply Ampere’s law convenieng, 
to find the magnetic field. h 


Magnetic Field of a Solenoid 

A long coil of wire consisting of closely packed loops i 
called solenoid, whose magnetic field resembles that of aby, 
magner of south(S) and north(N) poles as shown in sh, 


figure given below. 


t Solenoid fu 
Magnetic field of a solenoid 


Inside the solenoid, magnetic field is uniform and parallel 
the solenoid axis, Outside the solenoid, magnetic fidd i 


assumed to be zero. 
Consider an air cored solenoid having closely packed coik 
jn which / is current, # is number of curns per unit lengh 
and B is magnetic field inside the solenoid. 

Applying Ampere’s circuital law to decermine magnetic 
field (B) inside the solenoid, we choose rectangular closed 
path PORS, where PQ = L and the line integral of B ove 


closed path PORS is 
Q R 
B-dl= J. Bedi [ Bedi 


$ rns 
+ [oBdis [iB 


Now, fj B-d1= J" B-d1=0 


[because along QR and PS, the field B is at right angles t0 
dl, so that Bed = Bd? cos 90°=41 


s 
J, B-d 1 =0 [-- Bis zero at points outside the solenoid] 


2 GggsB od l= [Bid 1 J? Balcos0® 


= [eed BL 


Hence, from Ampere’s law, 


Srons® +d 1=[19 x (current enclosed by ?' RS) 
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ere, number of turns Per unit length is 1, the number of 
urns in length Z is nL. The current in each turn is J, so net 
current enclosed by the loop is nZ/. 


oral current, I yq, = HLT 
Fas 4! = Hy XnIL 


= BL= gull. 


From the expression, it is clear that B is independent of the 
length and diameter of the solenoid and is uniform over the 
cross-section of the solenoid. 


Ifa material of permeability 1, is used as a core, then B 
inside the solenoid is [J oft, J. 


Ar points near the end of air closed solenoid, 


Note The formula for magnetic field B = Hn is only valid when 
length of the solenoid (/) is much larger than its radius(r}, i.e. 
Joo, 


EXAMPLE |2| The length of a solenoid is 0.2 m and it 
has 120 turns. Find the magnetic field in its interior, if a 
current of 2.5 A is flowing through it. 
Sol Here, ! = 0.2m, N =120, 1 = 25A 

Magnetic field in the interior of the solenoid, 


j N 
B= Won! = WoT 
=anx10? x 2x25 
02 


=1.85x10°T 


EXAMPLE [3] A solenoid of length 0.5 mhas a radius of 
Jem and is made up of 500 turns. It carries a current of 
5.4. What is the magnitude of magnetic field inside the 
Solenoid? NCERT 
Sol, Given, total number of turns, N = 500 
Length of solenoid, ! = 0.5 m 
Current, 7 =5A 
and radius r=1.cm =10m 


Here, 


= 6.28 x10" °T 
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Magnetic Field of a Toroid 

An endless solenoid in the form of a ring is called a toroid. 
Magnetic field lines inside the toroid are circular, 
concentric with the centre of toroid. 

Let / be the current, r be the mean radius, 2 be the number of 


turns per unit length and B be the magnetic field inside the 
toroid. 


(a) (b) 


(@) A toroid carrying a current I (b) A sectional view of the toroid, 
The magnetic field can be obtained at an arbitrary distance r from 
the centre 0 of the toroid by Ampere’s circuital law. The dashed 
lines labelled 1, 2 and 3 are three circular Amperian loops 


The line integral of magnetic field around closed path of 
citcle of radius r is 


§B-di=4 Bal cos0?= Bx 2nr 
Now, from Ampete's law, 
§B-dl=[o x current enclosed by closed path 


> BxX2nr=pyn(2nr) I or 


If the toroid is a material cored of relative permeability I, 
then magnetic field inside the toroid, 


FORCE ON A MOVING CHARGE 
IN A UNIFORM MAGNETIC FIELD 


When a charged particle (7) moves with velocity (v) inside a 
uniform magnetic field B, then force acting on it is 
F=g(v xB) 

Force due to magnetic field depends on q.v,B. ‘The 
magnetic force will be zero, if the particle is at rest. The 
reason is that for the charged particle at rest |v |=0, which 
will turn the expression for magnetic force, q (v XB), into 
zero. Only moving charges feel the magnetic force. The 
magnetic force is at its maximum value, when vand B are 
perpendicular to each other because in chis case the angle 
8=90°, in the expression F = qvB sin 8 and the maximum 
force will be 


Foye =9 0B sin 90° = quB [sin 90°=1] 
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The magnetic force includes the cross product of velocity 
(¥) of the particle and magnetic field (B). Thus, the 
magnetic force will be zero, if the velocity vector and 
magnetic field vector are either parallel or anti-parallel to 


each other. 

The force (F pageic) acting on a charged particle moving 
with velocity (v) through a magnetic field (B) is always 
perpendicular to v and B. 

From right hand thumb rule, the force F is perpendicular 
to velocity (v) and magnetic field (B). Hence, it changes its 
path continuously. 

In case of motion of a charge in a magnetic field, the 
magnetic force is perpendicular to the velocity of the 
particle. So, no work is done and no change in the 
magnitude of the velocity is produced. 


Circular motion 


Magnetic force acts as a centripetal force and produces a 
cirealar motion perpendicular to the magnetic field. If v 
and B are perpendicular to each other, then particle will 


describe a circle. 

If a charged particle has a velocity not perpendicular to B, 
then component of velocity along B remains unchanged as 
the motion along the magnetic field will not beaffected by the 
eld. Then, the motion of the particle in a plane 


magnetic fi h 
lar to B is as before a circular one, thereby 


erpendicul a 
Producing a helical motion. 
¥ 


Helical motion 


‘As centripetal force required for circular motion is 
provided by magnetic force, so 


fie TT 
mvs = gBu sor ao ae 


m= mass of charged particle 
= radius of circular path, 


oni) 


where, 
and 
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where, vj and vy are perpendicular and parallel 
components of the velocity ¥. ae 

Radius of the path of the charged particle is proportional, 
the momentum (p=mv) of the particle and invers! 
proportional to the magnitude of charge (g) and magnesi 


field (B). 
In terms of kinetic_energy’ (K), the equation may b,| 


2mK we 
expressed as,7=——— (p= Vink 
qgB 
Time period (7') of the motion is given by 
BIRR ee | 
vo» gB | 
2nm ; 
or T= a fe 
2n _ Bg } 
Angular frequency, @ =~ =~" 
Be 
Frequency, V= 2s [- @ =2n0] | 


2mm j 
The angular speed « of the particle is given by | 

@=vlr ot @=(qB)lm } 
For helical path, the distance moved along the magneti: 
field in one rotation is called pitch (?). 


Note One tesla (1 7) is defined as the field which produces a force 
of one newton (1'N) when a charge of one coulomb (1 C) moves 
perpepatculay in the region of the magnetic field at a velocity of 

is 


nF Aurora Borealis 


During a solar flare, a large number of electrons and protons 
are edie from the sun. Some of them get trapped in the 
earth's egret field and move in helical paths along the 
atoms ng ycame closer near magneli¢ poles and code wih 
aaa molecules of the atmosphere, Excited oxygen at" 
this phenome and excited nitrogen atoms emit pink light 2% 
‘omenon is called Aurora Borealis in Physics. 


Note This topic 

the previous yeare 201), 
EXAM 
through 
uniform 


portant as it has bean asked frequen!" 
17, 2016, 2015, 2014, 2012, 2011, 2010. 


PLE I4] 4 Proton and 


them, 


Sol i 
et mass of proton = m, charge of proton = ¢ 
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Now, mass of o-particle = 4 m, charge of axparticle = 2¢ 
When a charge q is accelerated by V volts, it acquires a 
kinetic energy Ex = qV 
2» Momentum is given by mv = \/2mB, = J2mq¥ 
udm oo rr ee = 

9B 


qB qB 
t Te. [amv |_ 20m? Ba 
Tas % Ves ¥ 


Aam)V Ya. 


EXAMPLE |5| A beam of protons with a velocity of 
4x10° ms” enters in a region of uniform magnetic field 
of 0.3 T. The velocity makes an angle of 60° with the 
magnetic field. Find the radius of the helical path taken by 
the proton beam and the pitch of the helix. 
Sol. Velocity component along the field 
vy, =4 X10" X cos 60° = 2x 10° ms” 
and velocity component perpendicular to the field. 
vy =(4 x10") sin 60° = 23 10° ms 


Proton will describe a circle in plane perpendicular ta 
magnetic field with radius, 


pa MV _ (167 x10 kg) x (203 10° ms!) 
qB (16 x10" C) x (0.3 T) 
Time taken to complete one revolution is 
pa 2Rr _ 2x 314 x 0012 | 
+23 x10" 
Because of vj protons will also move in the direction of 
magnetic field, 
++ Pitch of helix = v) x T 
_ 2x10 x 2% 314 x 0012 
S 20/3 x10° 


FORCE ON A MOVING CHARGE 
IN A UNIFORM MAGNETIC AND 
ELECTRIC FIELD (LORENTZ FORCE) 


Suppose a point charge (q) is moving in the presence of both 
tlectric and magnetic fields. Let g be the magnitude of the 
charge, v be velocity of the point charge, B be the magnetic 
field and E be the electric field, We have studied two kinds 
of forces that can be exerted on an electrically charged 
Particle:The electric force is given by F=gE and the 
Magnetic force is F =  (v XB). 

The sum of these forces represents the net force that can be 
"erted on a particle due to its electric charge (9), this sum is 
called the Lorentz force and is given by 


=L2em 


4 


m=0044 m=44 cm 


Frocence = Fetecric + Fmagnesi 
=qE+q(v xB) 
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=q(E+(v x B)} 
Force on negative charge is opposite to that of positive 
charge. 


MOTION OF CHARGED PARTICLE 
IN COMBINED ELECTRIC AND 
MAGNETIC FIELD 


Velocity Selector 


Net force in presence of magnetic and electric field is 
F=g[E+(vxB)] 
Consider that electric and magnetic fields are perpendicular 
to each other and also perpendicular to the velocity of 
particle, Suppose we have 
E=£}j, B=Bkandv=vi 
Then, Fp =qE=qFj 


and Fy =q(v XB) =q (vi x Bk) =—qvB j 


F=F, +E, =gE j+(—qvBj) 
=q(E-eB)j 
Thus, electric and magnetic forces are in opposite directions 


as shown in the figure given below. 
Y 


E 
Fe 
q 


vr 


Point charge qis moving in the presence of 
perpendicular electric and magnetic fields 


If we adjust the value of E and B such that magnitude of the 
two forces are equal, then total force on the charge is zero and 
the charge will move in the fields undeflected. This happens, 
when 


gE =qvB 
> E = B | 
The above condition can be used to select a charged particle 


of a particular velocity from charges moving with different 
speeds. Therefore, it is called velocity selector. 


EXAMPLE |6| A proton beam passes without deviation 
through a region of space, where there are. uniform 
transverse mutually perpendicular electric and magnetic 
fields with E = 220 kV/m and B = 50 mT. Then, the beam 


strikes a grounded tar: 
beam on the target, 
1= 0.80 mA. 
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Sol. Si : Paes 
iL Since, proton is moving in a straight line, hence net 
force is zero. 


E 
gE =Bqv => v=— 
a B 


Also, current associated with the beam, 
T=ne 

=> n=I/e 

where, nis number of protons/time. 

Momentum of a proton = mv 


~. Force, F =nmv 
_ Im E _ 0.80% 107 x 1.67% 10” x 220% 10° 


eB 1.6x 107 x 50x 107° 


=3.6x 10° N 
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OBJECTIVE Type Questions 
1. For a toroid, magnetic field strength in the 


region enclosed by wire turns is given by 
pon J, where n= number of turns 
11,J/n, where n= number of turns per metre 


Hol here r= mean radius 


Babe 

(©) a 
pBoNT J where, N= number of turns 

@) B= | andr= radius of toroid. 


‘The value of force F acting on charge q moving 


2. 
with velocity perpendicular to the magnetic 
field B will be 
(a) F=9qvB rat 
B 
@re2 (r= 
¥ q 
3. Anelectron of charge (e) is moving parallel to 


uniform magnetic field 8 with constant 
y, The force acting on electron is 


velocity 
(a) Bev (b) Be/v 
(©) Blev (d) zero 


4, Inauniform magnetic field, an electron (or 
charge particle) enters perpendicular to the 
field. The path of electron will be 

(b) circular 


1H 
A arabe (d) linear 


(c) parabolic 


get. Find the force imparted by the 
» if the beam current is equal to 


10. Anarrow beam of protons and deuterons, cae 


12. i 
2. A solenoid tends to contract when a current 


13. 
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Ifthe velocity of charged particle is doubleg 
and value of magnetic field is reduced to ha 
then the radius of path of charged particle wij 


5. 


be 
(a) times (b) 4 times (c) 3 times (d) 2 times 
6. Anelectron is projected with uniform Velocity 
along the axis of a current carrying long 
solenoid. Which of the following is true? 
NCERT Exempla, 
(a) The electron will be accelerated along the axis 
(b) The electron path will be circular about the axis 
(c) The electron will experience a force at 45° to the 
axis and hence execute a helical path 
(@) The electron will continue to move with uniform 
velocity along the axis of the solenoid 


VERY SHORT ANSWER Type Questions 


7. Magnetic field lines can be entirely confined 
within the core of toroid, but not within a 
straight solenoid. Why? 

‘An electron does not suffer any deflection while 
passing through a region,of uniform magnetic 


field, what is the direction of the magnetic 
field? All India 2009 


9, Acharged particle enters an environment ofa 
strong and non-uniform magnetic field varying 
from point to point both in magnitude and 
direction, and comes out of it following a 
complicated trajectory. Would its final speed | 
equal to the initial speed, if it suffered no | 
collisions with the environment? NCERT 


having the same momentum, enters a region 
uniform magnetic field directed perpendicular 
to their direction of momentum. What would 
be the ratio of the radii of the circular path 
described by them? "Foreign 2014 


Aloop of irregular shape carrying current is 
ae in an external magnetic field. 

f the wire is flexible, why does it change '0 # 
circular shape? ner 


Passes through it. Justify the given statemen" 


opin and an electron travelling along 
magnetit 4 Senter a region of uniform 
paths, Wha acting perpendicular to thei 
Path wi ich of them will move in a circula™ 1g 
ith higher frequency? cBseE2 
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sHORT ANSWER Type Questions 


14. 


a, 


22, 


Along solenoid of length 1 haying N turns 
carries a current 1. Deduce the expression for 
the magnetic field in the interior of the 
solenoid. All India 2011 
Obtain with the help of a necessary diagram, 
the expression for the magnetic field in the 
interior of a toroid carrying current, 

All India 2011 
Define one tesla using the expression for the 
magnetic force acting on a Particle of charge q 
moving with velocity vin a magnetic field B. 

Foreign 2014 

Aparticle of charge q and mass mis moving with 
velocity v. It is subjected to a uniform magnetic 
field B directed perpendicular to its velocity. 
Show that it describes a circular path. Write the 


expression for its radius. Foreign 2012 


Acharge q moving along the B 


X-axis with a velocity vis 

subjected to a uniform magnetic 

field B acting along the Z-axis as, * 

it crosses the origin O. YA 

(i) Trace trajectory. x 

(ii) Does the charged particle gain kinetic 
energy as it enters the magnetic field? 
Justify your answer. Delhi 2009 


. Write the expression in the vector form for the 


Lorentz magnetic force F due to a charge 

moving with velocity v in a magnetic field B. 

What is the direction of the magnetic force? 
Delhi 2014 


Write the expression for Lorentz magnetic force 
on a particle of charge g moving with velocity v 
in a magnetic field B . Show that no work is 
done by this force on the charged particle. 

All Indian 2011 


Find the condition under which the charged 
Particles moving with different speeds in the 
Presence of electric and magnetic field vectors 
can be used to select charged particles of a 
Particular speed. All India 2017 


Apoint charge is moving with a constant 
Velocity perpendicular to a uniform magnetic 
field as shown in the figure. What should be 
Magnitude and direction of the electric field so 
that the particle moves undeviated along the 
Same path? Forelgn 2009 


23. 


2A. 
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An electron and a proton moving with the same 
speed enter the same magnetic field region at 
right angles to the direction of the field. Show 
the trajectory followed by the two particles in 
the magnetic field. Find the ratio of the radii of 
the circular paths which the particles may 
describe. Foreign 2010 


An iron ring of relative permeability n, has 
windings of insulated copper wire of n turns per 
metre. When the current in the windings is /, 
find the expression for the magnetic field in the 
ring. CBSE 2018 


LONG ANSWER Type I Questions 


25. 


26. 


27. 


Explain, how Biot-Savart’s law enables one to 
express the Ampere's circuital law in the 
integral form, viz. 


fB-dl=uol 


where, / is the total current passing through the 
surface. Delhi 2015 


Along straight solid metal wire of radius R 
carries a current / uniformly distributed over its 
circular cross-section, Find the magnetic field 
ata distance r from the axis of wire (i) inside 

(ii) outside the wire. 


(i) State Ampere's circuital law expressing it in 
the integral form. 

(ii) Two long coaxial insulated solenoids, S,and 
S, of equal lengths are wound one over the 
other as shown in the figure. A steady 
current / flows through the inner solenoid S, 
to the other end B, which is connected to the 
outer solenoid S, through which the same 
current / flows in the opposite direction, so 
as to come out at end A. Ifn, and n, are the 
number of turns per unit length, find the 
magnitude and direction of the net magnetic 
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field at a point (a) inside on the axis and (b) 
outside the combined system. Delhi 2014 


28. (i) Write the expression for the force 
F acting ona particle of mass mand charge q 
moving with velocity vy in a magnetic field B. 
Under what conditions will it move in 
(a) a circular path and 
(b) a helical path? 

(ii) Show that the kinetic energy of the particle 
moving in magnetic field remains constant. 

Delhi 2017 


29: 


(i) Write the expression for the magnetic force 
acting on a charged particle moving with 
velocity vin the presence of magnetic field B. 

(ii) A neutron, an electron and an alpha particle 
moving with equal velocities, enter a 
uniform magnetic field going into the plane 
of the paper as shown in the figure. Trace 
their paths in the field and justify your 


answer. 
oo— 
ne— . 
eo 


Delhi 2016 


30. Auniform magnetic field Bis set up along the 
positive X-axis. A particle of charge q and mass 
m moving with a velocity v enters the field at the 
ne such that it has velocity 


origin in XY -plai 
components both along and perpendicular to the 


magnetic field B. Trace, giving reason, the 
trajectory followed by the particle. Find out the 
expression for the distance moved by the particle 
along the magnetic field in one rotation. Delhi 2015 


LONG ANSWER Type II Questions 
31. (i) Using Ampere’s circuital law, derive the 
J expression for the magnetic field in the 
vector form at a point on the axis of a 
solenoid. 
(ii) What does a toroid consist of ? Find out the 
expression for the magnetic field inside a 
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toroid for N turns of the coil having f 
average rad ‘ 
Show that fl 
space ii 
zero. * 


he magnetic field in the 9 


32. Answer the following questions. 

(i) Amagnetic field that varies in magnitude 
from point to point but has a constant 
direction (East to West) is set up ina 
chamber. A charged particle enters the 
chamber and travels undeflected along a 
straight path with constant speed. What can 
you say about the initial velocity of the 
particle? 

(ii) A charged particle enters an environment of 
a strong and non-uniform magnetic field 
varying from point to point both in 
magnitude and direction, and comes out of 
it following a complicated trajectory. Would 
its final speed equal to the initial speed, ifit 
suffered no collisions with the environment 
? 

(iii) An electron travelling West to East entersa 
chamber having a uniform electrostatic field 
in North to South direction. Specify the 
direction in which a uniform magnetic field 
should be set up to prevent the electron 
from deflecting its straight line path. NCERT 


NUMERICAL PROBLEMS 


33. A solenoid of length 50 cm having 100 turns 
carries a current of 2.5 A. Find the magnetic 
field (i) in the interior of the solenoid, (ii) at one 
end of the solenoid. Delhi 2010 


34. 


Asolenoid of length 1.0 m and 3.0 cm diameter 
has 5 layers of windings of 850 tums each and 
carries a current of 5 A. What is the magnetic field 
at the centre of solenoid? Also, calculate the 
Magnetic flux from a cross-section of the magnet 
flux solenoid at the centre of solenoid. All India 20!! 


35. Amagnetic field of 100 GIG = 10“T) is 


required which is uniform in a region of linea? 
nsion about 10 em and area of 

cara acetion about 10° m?. The maximum _ 

guirer tearrying capacity of a given coil of Wit 

there number of turns per unit lensl 

turns m7! s wound round a core is at most 10 

particular e8est some appropriate desig” 
ars of a solenoid for the required 


ut 
Purpose. Assume the core is not ferromagnet”, 
NCER 


jus rand carrying a curren," 


interior and exterior to the toroig;t 
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36. 


bad 


ad 


a 


An electron of energy 2000 eV describes a 
circular path in magnetic field of flux density 0.2 
T. What is the radius of path? Take, e = 1.6x10-"9 C 
m=9x10' kg. 
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(a) For toroid, applying Ampere's circuital law, 


B(2nr)=p,NT => p= HoAl 
2nr 
where, B= magnetic field of a toroid, 
N= number of turns of toroidal coil 
and r=radius of toroid, 


(a) The force on charge q, F = qvB, 

(4) The force on electron, F=qvBsin®. 

The electron is moving parallel to the magnetic field, 

0 @=0° 

F = qvBsino” =0 

(b) When the charged particle enters in the magnetic field 

perpendicular to it, then the force due to magnetic field, 
F = qvBsin90° = qvB 

The direction of this force is always perpendicular to 

movement of charged particle. The charged particle is 

moving under the influence of constant force but its 

direction is continuously changing, So, the particle will 

move in a circular path with constant velocity v. 


(b) In first case, the radius of path, r= _ 
q 


mv’ mx 2v 
YB’ qx B/2 


In second case, the radius of path, r’ = 


=4r 


. (d) Magnetic Lorentz force on electron projected with 


uniform velocity along the axis of a current carrying long 
solenoid F = ~ evB sin180° = 0(6 = 0°) as magnetic field 

and velocity are parallel. So, the electron will continue to 
Move with uniform velocity along the axis of the solenoid. 


+ The magnetic field lines always form closed loops. As, the 


turns of the wires in a toroidal solenoid are wound over 


its core in circular form, the field lines are confined within 


the core of toroid. In a straight solenoid, the magnetic 
field lines cannot form closed loops within the solenoid. 


. As |F| = qvBsin® 


“TE =0° or 180°, then F =0 
When the particle moves parallel or anti-parallel to the 
magnetic field, then it does not experience any deflection 


. Yes, the final speed is equal to its initial speed as the 


Magnetic force acting on the charged particle only 
changes the direction of velocity of charged particle but 
cannot change the magnitude of velocity of charged 
Particle, 
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10. For given momentum of charged particle, radius of 


circular path depends on charge and magnetic field as 
my 


(Ns ieee 
qB qB 
For given momentum, Tyson !fieuewn = 1:1 

As, they have same momentum, charges are moving in 
small magnetic field, 


Il. Forces on the loop due to magnetic field act is in all 


directions. Thus, the loop attains a circular shape. 


12. The turns of the solenoid are parallel to each other 


and carry current in the same direction. As we know 
that two parallel current carrying conductors in the 
same direction attract each other. Thus, the solenoid 
tends of contract. 


13. As we know that in a circular path, frequency of a 


charged particle is given by 


yo 

2nm 
1 
or yoo 
m 


Since, m, > m,, therefore electron will move in circular 
path with higher frequency, 


- 14. Refer to text on pages 180 and 181. 
15. Refer to text on page 181, 
16. Refer to text on page 183. 


ee IN a 
(1C) (ims) 


17. Refer to text on page 182. 


18. (i) As, the charged particle is moving perpendicularly 


to the magnetic field. So, it will perform circular 
motion in XY-plane. 
(ii) No, the charged particle does not gain any KE as 


Lorentz foree acting on it does not perform any 
work as F,, Lv, 


19. ‘The expression in vector form is given by 


F = q(vx B) The direction of the magnetic force is in 
the direction of (vx B), ie. perpendicular to the plane 
containing vand B 


20. Refer to text on page 183. 


Lorentz magnetic force always acts perpendicular to 
the direction of motion of the particle. Thus, work 
done by this force is zero. 
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21. A diagram in whi 
E in which particle moves in 
electric field is shown below jacana 


Forces on a charged particle are 
F, = electric force = gE, 
F,, = magnetic force = Bqv 
For a particle to go straight without any deflection 


F,=F, = gE =Bqv = 
F : . E 
In this way, particles having speed, v = = are separated. 


22. As, v=—vi 
[- the particle is moving along 
X-direction] 
B=-Bk 
[-- the magnetic field is perpendicular to the plane of the 
paper directed inwards, ie. negative Z-direction] 
<. Force acting due to magnetic field, 
E, =9(v x B)=q[-ux(- Bk)} 


F,, =- qBj 

= Magnitude of F,, =|F,|=9vB 

The direction of Fm is along negative Y-direction For the 

undeflected motion of particle, 

Force due to electric field = Force due to magnetic field, 

gE =q(v x B) 

os E=vxB 

Magnitude of electric field, |E| =| vx B| and direction of 
magnetic field will be perpendicular to both vand B, ie. 
along Y-axis. 

23. When a charged particle enters in the magnetic field at 
right angle, then the particle follows a circular path. 


Circular 
path /Proton 
x A x » 
p— 
a x x x 
Election 
* Circular” s * 
path 


Radius of the circular path, r= 
9B 


For same speed v, magnitude of charge and magnetic 
field 


recom 


24. 


25. 
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he Me 
= kom 

Mp 
where, m, and m, are masses of electron and proton, | 
respectively. | 
“ im, <M, 
ie. Proton is much heavier than electron, | 
=> ney 


The curvature of path of electron is much more than 
curvature of path of proton 


An iron ring having insulated copper PAA, 
winding is also called a toroid. Magnetic gt “pe | 
field lines inside the toroid are circular, ee 
concentric with the centre of toroid. a GF ¥ 
a 


Let J be the current, r be the mean 
radius, n be the number of turns per unit 
length and Bbe the magnetic field inside 


TF 
the toroid, | 


‘The line integral of magnetic field around closed path of 


circle of radius r is 
fB-dl= fiB dl cos 0° = Bx 2nr 


Now, from Ampere's law, 
§.B-d/ =U) xcurrent enclosed by closed path 

Bx 2nr=p,n(2nr) 1 or B=ynl 
If the toroid has a material core of relative permeability 
H1,, then magnetic field is given by 


B=[oH,n1 | 


Consider any arbitrary closed path perpendicular to the 
plane of paper around a long straight conductor XY 
sroing current from X to Y, lying in the plane of pap 
et the closed path be made of : 
elements, where ee mn ee! 
ena th BC = dbs CD = dl | 
let a, 0,,0,, be the angles subtended by the vario’* 
quments at point O through which conductor is pass"# 


46, + d0, +40, +...= on 
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Suppose these small elements AB, BC, CD, 
circular ares of radii r,, 1), ry .. 


are small 


~~ Fespectively, 
dl, 
5 
IfB,, Bz, B, are the magnetic field inductions at a Point 
along the small elements dI,.d1,,d1,...... then from 
Biot-Savart’s law we know that for the conductor of 
infinite length, magnetic field is given by 
= Ho 2 
5 4m 7! 


Incase of each element, the magnetic field induction B 
current element vector dl are in the same direction, 
Line integral of B around closed path is 


fB-al =B,-dl, +By-dl, +By-dl, +... 
= B(dh) + B,(dl,) + By(dly) +... 
ato ay Moy Mo 2 yy 


and 


4m anor, In 


me2tfat , dl a 
aaleon on 
a Ho2l 


an [d0, + d0, +6, +...] 


=Ho ory om=pgl 
4n 


which is an expression of Ampere's circuital law. 


26. (i) Let the point P be lying inside 
the wire at a perpendicular 
distance r from the axis of the 
wire. Consider a circular path 
of radius r around the axis of 
the wire. By symmetry, the 
Magnetic field produced due 
to current flowing in the wire 
at any point over this path is 
tangential to it and equal in 
magnitude at all points on this path. 


Current enclosed by the closed path, 
I 2 
‘=—— xm 
: mR 
Applying Ampere's circuital law, 
fB-dl=poul’ 
2 


Ir’ 
= Benn) = Molt, Fe 


2 
= paboltall 
2nR’r 
= Be bale 
iT. 
(i) When point P is outside the wire, r> R, so that the 
current enclosed by closed path = neil 
Using Ampere’s circuital law, f B-d1=Ho 
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Hol 
2nr 
27. (i) Refer to text on page 179. 
(ii) According to Ampere’s circuital law, the net field is 
given by B=p1,n! 
(a) The net magnetic field is given by 
Bae: = Bz ~ By=Woltyl — orl 
=[toMny —m) 
The direction is from B to A, 
(b) As the magnetic fields due to $, is confined solely 
inside S, as the solenoids are assumed to be very long. 
So, there is no magnetic field outside 5S, due to current 
in S,, similarly, there is no field outside S,. 
2 Bug =0 
28. (i) Refer to text on pages 181 and 182 
(ii) Since, force always adjusts itself in a direction which 
becomes perpendicular to velocity, so only direction 
of velocity changes not the magnitude . Hence, the 


kinetic energy of the particle always remains 
constant. 


Bx2nr=l or B= 


h=h=0 


29. (i) Refer to text on pages 181 and 182. 

(ii) According to question, magnetic force on a charge F 

particle is given by 
F =q(v xB) 

The direction of force on the charged particle is given 
by (vx B) with the sign of charged particle, ie. for 
a-particle, charge is positive and direction of v is +i 
and direction of B is -k. 
So, direction of force is + (ix — k), ie. +} 
It describes a circle with anti-clockwise motion. 
For neutron 
It is a neutral particle so, it goes undeviated, 
As F =q(vxB)=0 
For electron 
Force is given by F =~ e(v x B) 
So, direction = - (ix —k) => -j 
e” describes a circle with clockwise motion 


© @ ® 

© 6 © 
o— 

© © ® 


- 
° 
© 
© 


30. 


B= 


w=vsind 


w= v60s 0 
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31. 


32. 


The 
pedis of the charged particle will be helix. As, the 
fede linearly in the direction of the magnetic 
with velocity vcos@ and also describe the circular 
Path due to velocity vsin8. 
Time taken by the charge to complete one circular 
_2ar 


rotation, T= i 
a =i) 
=> f=quyB 
and ML = qv 
pata 
= vm ir 
ar alii) 
From Eqs. (i) and (ii). we get 
be p= 2hyym _ 2am 
qBv, Bq 


Distance moved by the particle along the magnetic field 
in one rotation (pitch of the helix path) 
=yxT ty 


2m 
= veos0 x = 
B 


¥ paratict] 


2nmvcosO 
qh 


(i) Refer to text on pages 180 and 181. 


(ii) Refer to text on page 181. 
Magnetic field inside the open space interior of 
the toroid Let the loap 2 be shown in the figure, 
experience magnetic field B. 

No current threads the loop 2 which lie in the open 
space inside the toroid. 


. By Ampere’s circuital law, 
Fiayy2 Boat = He (=O 
= B=0 


Magnetic field in the open space exterior of the 

toroid Let us consider a coplanar loop 3 in the open 

space of exterior of toroid. Here, each turn of toroid 

threads the loop two times in opposite directions. 

Therefore, net current threading the loop 
=NI-NI=0 

. By Ampere’s circuital law, 

Fons B-dl =, (NI - NI)=0 


= B=0 
Thus, there is no magnetic field in the open space 
interior and exterior of the toroid. 


(i) The magnetic field is in ae 
constant direction from wot 
East to West. According to BT East 
the question, a charged == 

_— 


particle travels undeflected 
Hlong a straight path with constant speed. It is only 
possible, if the magnetic force experienced by the 
charged particle is zero. 
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agnetic force On a m 
eo mamagnetic field is aiven at 
F =qv Bsin@ (where 0 is the angle between Vand 
Hae F20, if and only if sin O=0 (os wah 
940, BO), This indicates. the angle, between the 

qejocity and magnetic field is 0° oF 30". 
Thus, the charged particle moves parallel 4/ 
anti-parallel to the magnetic field B. 

(ii) Yes, the final speed be equal te its initial Seed 05th 
magnetic force acting on the charged particle au 
Changes the direction of velocity Of charked Particle 
fut cannot change the magnitude of velocity g 


charged particle. 
(ii) As, the electric 


‘The magnitude 
charged particle i 


field is from North to South, thay 
means the plate in North is positive and in South jg 
thus, the electrons (negatively charged) 
attract towards the positive plate t 

towards North, If we want that there should be ng 
Uefection in the path of electron, then the magnet 
¢ should be in South direction. 


negative, 


fore 
Norih 
ae te te tet 
Eas! 
e 
~~ Elecite field 
South 


By F e (vB), the direction of velocity is West to 
East, the direction of force is towards South, by using | 
the Fleming's left hand rule, the direction of magnetic. | 
field (B) is perpendicularly inwards to the plane of 
paper. 


33. Here, 1=2.5 An = 102 = 209 
0.50 
@) B=ponl =4n x107 x 200 x 25 
B=6.28 x10°'T 


(iy p= Hot - 
4 2 


= 3.14 x10¢T 
34. Number of turns, N = 850 x 5t=1ml=5A 


Area of cross-secti ; 
of cross-section, A= nr? 2 (2x 0") m? 


eld at the centre of solenoid, 8 = [gNI/t 
= 4m x10 x (850% 5)* 5/1 
= 2671 x10? 

+ Magnetic flux = BA 


Magnetic fi 


= 2, 22 i, 
2.671 x 1077 x7 »(Zx0") 
7 \2 


=1.89 x10 wp 
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35. Magnetic field, B= 100 G =100x10"'T = 1077 


To design the solenoid, let us find the product of current 
and number of turns in the solenoid, 


‘The magnitude of magnetic field, B = Hanl 


or nl = ri 3.14 X107 => nf = 7961 = 8000 


Ho 
Here. the product of nl is 8000, 


Current. | = 8A and number of turns, n = 1000 


The other design is 1= 10 A and n= 800/m. This is the 
most appropriate design as per the requirement, 
36. Here, energy of electron, E’ = 2000 eV 


E’ = 200016 x10" J=32x10 J 


[TOPIC 3| 
Magnetic Force and Torque 
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Now, B=0.2T, 


wo" «9x10 
0.2% 1.6 x107" 


=7.5 x10 m 


Experienced by a Current Loop 


FORCE ON A CURRENT 
CARRYING CONDUCTOR IN 
A UNIFORM MAGNETIC FIELD 


When a current carrying conductor is placed in a uniform 
magnetic field, then due to motion of free electrons inside 
the conductor, a magnetic force acts on it. 


Current carrying conductor in a uniform magnetic field 


Letus consider a portion of length / and cross-sectional area 

Aofa straight conductor carrying a current /. 

Let the magnetic field B be in the plane of the paper 

directed upwards and making an angle 8 with the direction 

of velocity of electrons. 

let be the number of free electrons per unit volume in the 

fonductor and » be the drift velocity of the electrons. From 

1¢ telation F = g(v xB), where (q =e) is the charge of an 

Sectron, If however, the conductor makes an angleO with the 

Magnetic field B measured from the conductor cowards the 

led B, then the magnitude of the force on each electron is 
F'= ev, Bsin® 

The number of electrons in the length / of the conductor is 


Ne=ndl 
‘The total force F on the free electrons and hence on the 
length / of the conductor is, therefore 


F = F'XN =(ev, Bsin (1 AD 
= (ne Av, )Blsin® 
Bur current flowing through a conductor, / = ned vy 
F=/Blsin® 
or F=/(1xB) 
16 =0° or 180°, then F = / Blsin 0? =0 
[sin 0°= O and sin 180°= 0} 
It means a conductor placed parallel to direction of 


magnetic field, experiences no force due to magnetic field. 
IF =90°, then force is maximum. 


Foy = IBEsitn 90° 
= (Bl [¥ sin 90° = ]] 
It means a conductor placed perpendicular to direction of 
magnetic field, experiences maxinuim force. 


Rules to Find Out the 

Direction of Force 

The direction of the force acting on a current cartyiag 
conductor in a magnetic field can be found by any of the 
following two rules, 
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(i) Right Hand Palm Rule If we stretch our right hand 
palm such chat the thumb points in the direction af 
the current (/) and the stretched fingers in the 
direction of the magnetic field B, then the force F on 
the conductor will be perpendicular to the palm in 
the direction of pushing by the palm as shown in the 


Fig, (a). 
B ls ! 
mM Ee 
WY 
aes) 


(a) 

(ii) Fleming's Left Hand Rule If the fore-finger, the 

middle-finger and the thumb of the left hand are 

stretched mutually at right angles to one another such 

thar the fore-finger points in the direction of the 

magnetic field B and the middle-finger in the 

direction of the current J, then the thumb will poine 

in the direction of the force F on the conductor as 
shown in the Fig. (b). 


A3.0 cm wire carrying a current of 10 
Ais placed inside a solenoid perpendicular to its axis. The 
magnetic field inside the solenoid is given to be 0.27 T. 
What is the magnetic force on the wire? 


Sol. Magnetic force on the wire, 
F = Bilsin@ = Bilsin90° 
=0.27 x10x3%x10" 


EXAMPLE |1| 


=81x107°N [0 =90°) 
EXAMPLE [2{| Astraight wire of mass 200 g and length 
1.5 m carries a current of 4 A. It is suspended in mid air by 
a uniform horizontal magnetic field B. What is the 
tude of the magnetic field? 


magni 
= 
"9 08 
pas, EY 
SoL Applying Fleming's rule, we find that upward force F of 
magnitude 1B acts, For mid air suspension this must be 


balanced by the force due to gravity. 


mg= IB = B= 
# W 
Given, m = 200 g= 0.2 kg, g= 9.8 ms*,1=4A,1=15m 
02x 9.8 ' 
= 0.325 T 


have, _——— 
We have, aKa 
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“ORCE BETWEEN TWO PARA 
FORRENT. CARRYING ULE, 
CONDUCTORS 


‘To find the force on a current carrying wire du (0a sec 
current carrying wire, first find the magnetic field Ps 
Ff ire tu 
second wire at the site of first wire. Then, find the force, 
my 


the first wire due to that field, 


a 1—|& 
Be B 
iP 
Fr Fe 
y ay 
Ay Ag 


Two parallel current carrying conductors 


Let us consider A,B, and A,B, are two infinite long 


straight conductors. 
J, and 1, are the currents flowing through them and these 


are at r distance apart. 
Magnetic field induction at a point ? on conductor A,B, 


due to current 
Mo2h 


1, passing through A,B, is B =F 
Tr 


The unit length of A,B, will experience a force as 
Fy = Bil, x 1=Bylal 
p, Ho 2ta 
4n or 
Conductor 4, B; also experiences the same amount of ors, 
directed rowards the wire A,B. | 
Therefore, force between two current carrying pal 


or 


nthe | 


Two linear : 
ae eat parallel conductors carrying currents |! 
oppo fede attract each other while carrying curren’ i 
ppasite direction they repel each other. 


Definition of Ampere 
(In terms of the force) 


One ampere i 

the wo ae tent which flows through each of 

are placed in fr uniform long linear conductors, whic 

other and which arescr er sence of | m from © 

of 2x 107 N/ "tract or repel each other with @ force 
im of their lengths. 
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EXAMPLE 13] Calculate the force per unit length on a 
ond straight wire carrying current of 4 A due to a parallel 
wite carrying 6 A current, if the distance between the 
wires is 3 cm. 
Sol Given, 1,=4A,1, =6 A,r=3em =0.03m 
pelle 2hls 
40m r 

_ 107 x 2x4 x6 

003 

=1.610" ‘N/m 


EXAMPLE |4| A short conductor of length 5 cm is 
placed parallel to a long conductor of length 1.5 m near its 
centre. The conductors carry currents 4A and 3A 
respectively in the same direction. What is the total force 
experienced by the long conductor when they are 3 cm 
apart? 

Sol. Force on long conductor is equal and opposite to the 
Ho 2iIal 

4m or 

Given, I, =4A, 1, =3A,r=3x10°* m,1=5x107? m 


force on small conductor = 


_ 4m x10? x 2x4x3x5 x10 * 
4nx3x10"? 
=4x10°N 


TORQUE EXPERIENCED BY A 
CURRENT LOOP IN UNIFORM 
MAGNETIC FIELD (MAGNETIC DIPOLE) 
Consider a rectangular loop ABCD be suspended in a 
uniform magnetic field B. Let AB=CD=6 and 
AD = BC = a, Let / be the current flowing through the loop. 


=> F 


Arectangular current carrying coll in uniform magnetic field 
Case I The rectangular loop is placed such thar the 
‘niform magnetic field B is in the plane of loop. 


No force is exerted by the magnetic field on the arms AD 
and BC ( they are parallel ro the magnetic field). 


: ‘Agnetic field exerts a force F, on arm AB, 
“ F,=1bB 
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Magnetic field exerts a force F, on arm CD, 
Fy = 1bB = F, Fe 
F, and F, are equal and opposite, so 


-net force on the loop is zero. But line 


of action of F, and F, are oppositeand = -2/2—~b~al2 
parallel, so they form a couple. 
The torque produced due to couple on 

m 


the loop rotates the loop in 
anti-clockwise direction. Fy 


Torque, t=1XF 


So, t=h,i+F, 4 [-rsin 90°= 1] 
are) 


(< Torque = Force x Perpendicular distance of line 
of action) 


= 1=16B 5 + IbBS = 1 (ab) B=1AB 
where, & be breadth of the rectangular coil, @ be length of 


the rectangular coil and A = ab (area of the coil). 


Case I The plane of the loop is not along the magnetic 
field, bur makes an angle with ic. 


The area vector of the loop ABCD makes an 
arbitrary angle @with the magnetic field 

Angle between the field and the normal to the coil is 8. 
Forees on BC and DA ate equal and opposite and they 
cancel each other as they are collinear. 
Force on AB is F, and force on CD is Fy. 
Fy =F) = lbB 
Magnitude of torque on the loop is as shown in figure 
below: 


and 


Top view of the loop. The forces F and F 
acting on the area AB and CD are indicated 


a, a. 
Ts A FsinO+F, 5 sin@ 


= labB sin 8 = IABsin ® 
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where, A= ab (area of coil) 
The torque on the loop can be expressed as the vector 


product of the magnetic moment of the coil and the 


magnetic field 


t= MBsin 0A =MXB 


where, M = N/A is magnetic moment of the loop, its unit 
is ampere-metre*. 
This is analogous co the electrostatic case (electric dipole of 
dipole moment p in an electric field E) 
When M and B are parallel, then current loop is in stable 
equilibrium. Any small rotation of the loop produces a 
torque which brings it back to its original position. When 
M and B are anti-parallel, then current loop is in unstable 
equilibrium. 
Magnetic moment of the loop of NV turns, 
M=NIA 

The total rorque on the coil is given by 

= NIABsin @=(NIA) Bsin @ = BINAsin ® 
The presence of this torque is also the reason why a small 
magnet or any magnetic dipole aligns itself wich the 
external magnetic field. 


EXAMPLE [5] A circular coil of 20 turns and radius 
10 cm carries a current of 5 A. It is placed in a uniform 
magnetic field of 0.10 T. Find the torque acting on the coil, 
when the magnetic field is applied in the plane of coil. 
Sol. Given, total number of turns, N = 20 

Radius, r= 10 em= 10x 10°*m 
Current, 1=5A 

Angle, @=90° 
External uniform magnetic field (B)=0.10 T 

Torque, t=? 

As, torque, t= BINA sin @ 
10x 5 x 20x 0.0314 x sin90° 


=0.314 N-m 


EXAMPLE |6/ Calculate the torque of a 100 turns 
rectangular coil of length 40 cm and breadth 20 cm, 
carrying a current of 10 A, when placed making an angle 
of 60° with a magnetic field of 5 T. 
Sol. Given, 1 =10A, N =100,1=40cem,b = 20cm 

B=5T,0=60" 

A=/Xb= 40x 20 = 800 cm? =8x107 m* 

t= NBIAsin@ = 100x5x10x8x10 x sin60° 

= 346.41 N-m 


| Allénone | PHYSICS Classy, 


TN 
) ™“s | 
A ye 


EXAMPLE |7| Find the magnitude 
of magnetic moment of the current 
carrying loop ABCDEFA. Each side of 
the loop is 10 cm long and current in 
the loop is J = 2.0 A. 

ig two equal and opposite 


Sol. By assuming 5 
BE, two current carrying loops (ABEFA ang 


currents in e 
BCDEB) are formed. Their magnetic moments are equa, 


tide but perpendicular to each other. Hence 


in magnit 
Moe = VM? + MPP = v2M 
M=IA=2x(1xb) 
= 2x (0.1) (0.1) = 0.02 A-m* 
Mga, = (12) (0.02) = 0028 A-m® 


MOVING COIL GALVANOMETER 


Principle 
Its working is based on the face thar when a current carrying | 
coil is placed in a magnetic field, ic experiences a torque. 


at 


Phosphor 
bronze 
strip 


t MFT 


Schematic arrangement of moving coil galvanometer 


Construction 


The moving coil galvanometer consists of a coil with many 
turns free to rotate about a fixed axis, in a uniform radit 
magnetic field. There is a cylindrical soft iron core whi 
not only makes the field ‘radial but also increases 
strength of the magnetic field, When ne flows 
through the coil, a torque acts on it, 


Working 


Pi ied the coil PQRS is suspended freely in che magne 

on SP ofthe cal en 8 RS of the coil, b be breadth 

ofeach tg ey be number of turns in the coil and 
Hn of the coil, A=/x Let B be sirength of 
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magnetic field in which coil is suspended and. is current 

sing through the coil in the direction PQRS. 
Jecat any instant, OL be the angle, which normal drawn on 
the plane of the coil makes with the direction of magnetic 
field. The rectangular coil carrying current when placed in 
the magnetic field experiences a torque whose magnitude is 
given by T= NIBA sin a.Due to deflecting torque, the coil 
rorates and suspension wire gets twisted. A Testoring torque 
sset up in the suspension wire, 


let be the twist produced in the phosphor brante'stiip 
dueto rotation of the coil and k-be the restoring torque per 
unit wist of the phosphor bronze strip. Then, “ 


Toul restoring torque produced = £6 
Inequilibrium position of the coil, 
Deflecting torque = Restoring torque 


NIBA=k® 
k 
1=—~9=60 
2 NBA 
k 
ih = 
mse NBA 


Itisknown as galvanometer constant. 


ie, Oe% J. It means that the deflection produced is 
Proportional to the current flowing through the 
galvanometer. 


Current sensitivity of the galvanometer is the deflection per 
unit current flowing through it. 


_. @ NAB 
tis given by I; = —=—— 
giten by 1s == 

Its unitis rad/A ot div/A. 


Voltage sensitivity is the deflection per unit voltage. 


Itis given by 
(ea L 


k}V 
or _NAB I _ NAB 
YR ER 
[-- according to Ohm's law, V= /R] 
|eunic is rad/V or div/V. 


Me he coil comes to 

Soe ea tao econ 
Roted in no time. 

PXAMPLE [8] In order to increase the current 

‘sitivity of a moving coil galvanometer by 50%, its 

‘sistance is increased so that the new resistance becomes 

‘ice its initial resistance. By what factor does its voltage 


"nsitivity change? 


501, _ 1501, 
Ll sitivity, ed 
Sol. Increased current sensitivity, [ 100 100 
= bls woop 
2 
Initial voltage sensitivity, V, = 4 li) 
ne Fy 
New voltage sensitivity, Vj. = 7 
gt . 
= V5 = 2%, (from Eq. (i)] 


-. %e decrease in voltage sensitivi «100 


Note This topic has been frequently asked in the previous year 
exams, i. in year 2016, 2015, 2014, 2010. 2009 


Conversion of a Galvanometer 
into Ammeter 
To convert a galvanometer into ammeter, its resistance 


needs to be lowered, so that maximum current can pass 
through it and it can give exact reading, 


A shunt (low resistance) is connected in parallel with the 
galvanometer, 


where, uit, 


= resistance of the galvanomerer, 
nice of the shunt (low resistance) 
and J, = current through the galvanometer, 


EXAMPLE |9| A galvanometer of resistance 15 Q gives 
full scale deflection for a current of 2 mA. Calculate the 
shunt resistance needed to convert it to an ammeter of 
range'0 to 5 A, 
Sol. Given, 
G=15 QJ, =2mA 
=2x10PA,1=5A 
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c+ Shunt resistance, $= 2S 
i] 
_ 2x10 X15, 
5-2x10° 
= 0.006. 2 
This resistance $ = 0.006 Q is connected in parallel with 
the galvanometer. The small resistance is connected in 
parallel, because we have to decrease the resistance of 
the galvanometer so that most of the current passes 
through it and it gives the exact value of the current. 


Conversion of a Galvanometer into 
Voltmeter 


To convert a galvanomerer into voltmeter, its resistance 
needs to be increased, so that there is no potential drop 
across it because with high resistance no current passes 


through it. 


Voltmeter 


A high resistance is connected in series with the 
galvanometer, then the value of Ris given by 


r=t-G 


1, 
where, V = potential difference across the terminals A and B 
J, = current through the galyanometer 
(full scale deflection current), 
R= high resistance 
and G=resistance of the galvanometer. 
EXAMPLE |10| The full scale deflection current of a 
galvanometer of resistance 1 is 5mA. How will you 
convert it into a voltmeter of range 5 V? 
Sol. From the relation, V = J, (G+ R), we have 


-G 


= 9990 
i.e,, a resistance of 999 Q should be connected in series 


with the galvanometer to convert it int 
sled ope (oa voltmeter of 
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CIRCULAR CURRENT LOOp | 
AS A MAGNETIC DIPOLE | 


‘A current loop behaves as a ‘i 
magnetic dipole. If we look at ‘ 
the upper face, current is 
anti-clockwise, so it has North 
polarity. If we look at lower face, 
current is clockwise, so it has 
South polarity. 
Thae means current loop behaves 
as a system of two equal and 
opposite magnetic poles hence, it acts as a magnetic dipole, 
Magnetic dipole moment of loop, M = NIA 
where, / = current flowing through the loop 
A =area enclosed by the loop 


Upper tan, | 
| 


Lower face 


and N= number of turns in the coil 

The magnitude of magnetic field on the axis of a circu: 

loop of radius R, carrying steady current / is given by | 
HR? 


Ux? + RP? 


For 


MAGNETIC DIPOLE MOMENT 
OF A REVOLVING ELECTRON 


An electron being a charged particle, constitutes a current 
while moving in its circular orbit around the nucleus 
(.* Moving charge constitutes a current as well as magnetic 
field). If Tis the time period of revolution, then curtett 


wld 


constituted by electron is J =< 
: T 


where, ¢ = charge of electron, 


re is che orbital radius of electron and its orbital speed is! 
i : 


2nr 
Tam eo © _ vu f} 
yi Tepe a thon al 


. v 
Magnetic moment of revolving electron, M = JA 
M =e gy? 2 or 
2nr 2 


The directi i ‘ f 
cpen ion of this magnetic moment is into the plane” 
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G ¢ -el 
M =——(m,vr)=——_] Sur 
om, ) ain tM ia 


here, /= 7,07 is angular momentum of the electron. 


€. + + rar 
M __* isa constant, called gyromagnetic ratio, its value 
1 eme 


98.8% 10'°C/kg for an electron. 


From Bohr’s hypothesis, angular momentum can have only 


di ues, /=— 
discrete values, / =— 
om 2n 


where, b= Planck's constant and 1 is natural number 


ie BEN Bye SM athe 


Forn= 1, M will be minimum, 


i,j, ct 
m™ 40m, 


is Bohr’s magneton, which is defined as magnetic moment 
of revolving electron in its first orbit. ‘Its value is 
927x107" A-m?, 


EXAMPLE |1| An electron in a hydrogen atom is moving 
with a speed of 2.3x 10° ms~ in an orbit of radius'0.53 A. 
Calculate the magnetic moment of the revolving electron. 
Sol Given, v= 23x 10" ms”, 
r= 053A =0,53x 10° m 
Equivalent current, =f £ las 
_ 16x 10°" x 2.3.x 10° 
© 2x 3.14% 0.53% 10°” 
=1.105x 1077 A 
“Magnetic moment, 
M=IA=1 (nr?) = 1.105x 10° * x 3.14% (0.53x 107°)? 
=9.75x10°% A-m? 


TOPIC PRACTICE 3 | 


OBJECTIVE Type Questions 


1. Two Parallel wires are placed 1 m apart and 1A 
and 3 A currents are flowing in the wires in 
°pposite direction. The force acting per unit 
length of both the wires will be 
()6x1077 N/m attractive 
(b)6x107> Nim attractive 
()6x107 N/m repulsive 
(@)6x107 N/m repulsive 
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2. Acircular loop of area A, carrying current J, is 
placed in a magnetic field B perpendicular to 
the plane of the loop. The torque on the loop 
due to magnetic field is 


(0) BIA (b) 2 BIA (c)5 BIA (@) zero 


3. The area of a circular ring is 1cm? and current 
of 10 Ais passing through it. If a magnetic field 
of intensity 0.1 T is applied perpendicular to 
the plane of the ring. The torque due to 
magnetic field on the ring will be 

(a) zero (b)107* N-m(c)107? N-m (d) 1N-m 


4. Acircular current loop of magnetic moment M 
is in an arbitrary orientation in an external 
magnetic field B. The work done to rotate the 
loop by 30° about an.axis perpendicular to its 


plane is NCERT Exemplar 
(a) MB (3 “ 
(c) “ (d) zero 


5. The current jis flowing in a coil of area A with 
the number of turns N, then the magnetic 
moment of the coil M will be 
(a) NiA (b) Ni/A 
() Ni/VA (d) N2Ai 


6. Agalvanometer of resistance 25 Q shows full 
scale deflection for current of 10 mA. To 
convert it into 100 V range voltmeter, the 
required series resistance is 
(a)9975.Q (b) 10025 2 
(c)10000 2 (a) 975Q 


VERY SHORT ANSWER Type Questions 


7, Aconducting loop carrying a current / is 
placed in a uniform magnetic field, pointing 
into the plane of the paper as shown in the 
figure, then the loop will have a tendency to 
expand. Explain, 


8. Give the magnitude of torque which acts ona 
coil carrying current placed in a uniform 
radial magnetic field. 


| 
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| 
. Here principle of a moving coil {7. Arectangular coil of sides !and 6 carrying a 
ee Delhi 2016 current [is subjected to a uniform magnetic 
10. Why should the spring/suspension wire in a. field B acting perpendicular to its plane. Obtain 
moving coil galvanometer have low torsional the expression for the torque acting on it. | 
constant? Delhi 2014¢ 
11. Why is a coil wrapped on a conducting frame in 18. Define current sensitivity and voltage | 
sensitivity of galvanometer. Increasing the 


y not necessarily increase 
meter, justify 
All India 2009 


a galvanometer? itivil 

12. sie , current sensitivity ma 

. The coils in certain galvanometers, have a fixed the voltage sensitivity of a galvanoi 
core made of a non-magnetic metallic material. your answer. 

Why does the oscillating coil come to rest so, ‘ , ; | 

19. How is a moving coil galvanometer converted 


uickly in such a core? ah mae 
i 7 into a voltmeter? Explain giving the 
necessary circuit diagram and the required 


13. Avoltmeter, an ammeter and a resistance are 

connected in series with a lead accumulator. mathematical relation used. All India 2011¢ 
The voltmeter gives some deflection but the 2 “ 7 | 
deflection of ammeter is zero. Comment. 20. Agalvanometer gives full scale deflection with 

the current J,. 

SHORT ANSWER Type Questions ”. Can it be converted into an ammeter of range 
I< I,? 
& 


14. Two long wires carrying currents J, and J, are 
arranged as shown in the figure. One carrying LONG ANSWER Type I Questions 


current /, is along the X-axis. The other carrying : ; . 
current /, is along a line parallel to Y-axis, given by 21. Draw alabelled diagram of a moving coil 
x= Oandz=d. Find the force exerted at point O. galvanometer and explain its working. Whatis | 
because of the wire along the X-axis. the function of radial magnetic field inside | 
2 * the coil? Foreign 2012 | 
o, 3 22. Answers the following questions. 
————— (i) Write two reasons why a galvanometer 
J cannot be used as such to measure the } 
i current in a given circuit. Name any two | 
¥ factors on which the current sensitivity of @ } 
0; galvanometer depends. 
4 (ii) Why is i i 
y is it necessary to introduce a 
: x NCERT Exemplar cylindrical soft iron core inside the coil of a 
15. Two long parallel wires carrying a current I, galvanometer? 
separated by a distancer are exerting a force F 23. State the principle of working of 
on each other. If the distance between them is galvanometer. P ene 
increased to 2r and current in each wire is Agalvanometer of resi Z 
reduced from J to 1/2, then what will be the in er of resistance Gis converted 
into a voltmeter to measure upto V volts by 


force between them? 
connecting a resistance R, in series with the 


16. (i) Two long straight parallel conductors a andb coil. If a resistance R, is connected in series 
currents /, and J, with it, then it can measure upto V/2 volts. Find 


carrying steady 
respectively are separated by a distance d. ee 7 
Write the magnitude and direction, what is pe feaitantes in terme of Rj and Roy required i 
the nature and magnitude of the force ed to convert it into a voltmeter the! 
between the two conductors? can read upto 2V. Also, find the resistance Gf 
(ii) Show with the help of a diagram, how the the galvanometer in terms of R, and Ry. 
All India 2035 


force between the two conductors would 
change when the currents in them flow in 24. A100 turns rectangular coil ABCD (in xyeplane) 


the opposite directions. Foreign 2014 is hung from one arm of a balance figure. A 
mass 500 g is added to the other arm to balan‘? 
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the weight of the coil. Acurrent 4.9 A passes 
through the coil and a constant magnetic field 
of 0.2 T acting inward (in XZ-plane) is switched 
ON such that only arm CD of length lcm lies in 
the field. How much additional mass m must be 
added to regain. the balance? NCERT Exemplar 


LEE 


LONG ANSWER Type IT Questions 


25. Explain using a labelled diagram, the principle 
and working of a moving coil galvanometer. 
What is the function of 

(i) uniform radial magnetic field (ii) soft iron 
core? 
Also, define the terms 
(iii) current sensitivity and 
(iv) voltage sensitivity of a galvanometer? * 
Why does increasing the current sensitivity 
not necessarily increase voltage sensitivity? 
Delhi 2015 


26. (i) Draw a labelled diagram of a moving coil 
galvanometer. Describe briefly its principle 
and working. 

(ii) Answer the following are as follows 

(a) Why is it necessary to introduce a 
cylindrical soft iron core inside the coil 
of a galvanometer? 

(b) Increasing the current sensitivity of a 
galvanometer may not necessarily 
increase its voltage sensitivity. Explain 
giving reason. AllIndla 2014 


27. (i) Explain giving reasons, the basic difference 
in converting a galvanometer into 
(a) a voltmeter and (b) an ammeter 

(ii) Two long straight parallel conductors 

carrying steady currents J, and J, are 
separated by a distance d. Explain briefly, 
with the help of a suitable diagram, how the 
magnetic field due to one conductor acts on 
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the other. Hence, deduce the expression for 
the force acting between the two 
conductors. Mention the nature of this 

force. All India 2012 


NUMERICAL PROBLEMS 


28. What is the magnitude of magnetic force per 
unit length on a wire carrying a current of 8 A 
making an angle of 30° with the direction of a 
uniform magnetic field of 0.15 T? NCERT 


29. Along straight wire carrying current of 25 A 
rests on a table shown in the figure. Another 
wire PQ of length 1m, mass 2.5 g carries the 
same current but in the opposite direction. The 
wire PQ is free to slide up and down. To what 
height will PQ rise? NCERT Exemplar 


30. A3.0 cm wire carrying a current of 10 Ais 
placed inside a solenoid perpendicular to its 
axis. The magnetic field inside the solenoid is 
given to be 0.27 T. What is the magnetic force 
on the wire? NCERT 


Auniform magnetic field of 1.5 T exists ina 

cylindrical region of radius 10.0 cm, its 

direction parallel to the axis along East to West. 

Awire carrying current of 7.0 Ain the North to 

South direction passes through this region. 

What is the magnitude and direction of the 

force on the wire, if 

(i) the wire intersect the axis? 

(ii) the wire is turned from North-South to 
North East-North West direction? 

(ii) the wire in the North-South direction is 
lowered from the axis by a distance of 
6.0 cm? 


34. 


NCERT 


32. Asolenoid 60 cm long and of radius 4.0 cm has 
3 layers of winding of 300 turns each. A 2.0 cm 
long wire of mass 2.5 g lies inside the solenoid 
(near its centre) normal to its axis, both the wire 
and the axis of the solenoid are in the 
horizontal plane. The wire is connected through 
two leads parallel to the axis of the solenoid to 
an external battery which supplies a current of 
6.0 Ain the wire. What value of current (with 
appropriate sense of circulation) in the windings 
of the solenoid can support the weight of the 


wire? (g= 9.8 m/s”) NCERT 
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33. A conductor of length 21 carrying current of 
2. Ais held parallel to an infinitely long 
conductor carrying current of 10 Aat a distance 
of 100 mm. Find the force on a small conductor, 
: Delhi 2010 


34. Two long and parallel straight wires Aand B 
carrying currents of 8.0 A and 5.0 Ain the same 
direction are separated by a distance of 4,0 cm. 


Estimate the force on a 10 cm section of wire A. 
NCERT 


35. Awire ABis carrying a steady current of 12A 
and is lying on the table. Another wire CD 
carrying 5 Ais held directly above AB ata 
height of 1mm. 

Find the mass per unit length of the wire CD, so 
that it remains suspended at its position, when 
left free. Give the direction of the current 
flowing in CD with respect to that in AB. (Take 
the value of g =10 ms~*) All India 2013 


36. Acircular coil of 100 turns, radius 10 cm carries 
acurrent of 5 A. It is suspended vertically ina 
uniform magnetic field of 0.5T, the field lines 
making an angle of 60° with the plane of the 
coil. Calculate the magnitude of the torque that 
must be applied to it to prevent it from turning. 


37. Assquare coil of side 10 cm consists of 20 turns 
and carries current of 12 A. The coil is 
suspended vertically and normal to the plane of 
the coil makes an angle of 30° with the 
direction of a uniform horizontal magnetic field 
of magnitude 0.80 T. What is the magnitude of 
torque experienced by the coil? NCERT 


38. (i) Acircular coil of 30 turns and radius 8.0 cm 
carrying a current of 6.0 A is suspended 
vertically in a uniform horizontal magnetic 
field of magnitude 1.0 T. The field lines make 
an angle 60° with the normal of the coil, 
Calculate the magnitude of the counter 
torque that must be applied to prevent the 
coil from turning. 

(ii) Would your answer change, if the circular 
coil were replaced by a planar coil of some 
irregular shape that encloses the same area? 
All other particulars are also unaltered, 

NCERT 


39. Acircular coil of 20 turns and radius 10 cm fs 
placed in a uniform magnetic field of 0.1 T 
normal to the plane of the coil. If the current in 
the coil is 5.0 A, what is the (i) total torque on 
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the coil, (ii) total force on the coil (iii) average 
force on each electron in the coil due to the 
magnetic field? ieee 

(The coil is made of copper wire o! 
cross-sectional area 107 m and the free 
electron density in copper is given to be 
about 107?/m?). 

40. Arectangular coil of area 2x10" ‘m? and 
40 turns is pivoted about one of its vertical] 
sides, The coil isina radial horizontal field of 
60 G. What is the torsional constant of the hai, 
springs connected to the coil, if a current of 
4,0mA produces an angular deflection of 167 


Ncey 


41. Two moving coil meters M, and M, having the 


following particulars 

R, =10 8, N, = 30, A, = 3.6 10-7 m?, 

B, = 0.25T : 

Ry =14.Q,N2 = 42, 4, = 1.8 x 10-4m?, 
B, = 0.50 T (The spring constants are identical 
for the two meters). Determine the ratio of (i) 
current sensitivity and (ii) voltage sensitivity of 
M, and M,. NCERT 


42. Agalvanometer coil has a resistance of 15.9 
and the meter shows full scale deflection fora 
current of 4 mA. How will you convert the 
meter into an ammeter of range 0 to 6 A? NCERT 


43, When a galvanometer having 30 division scale 
and 100 @ resistance is connected in series to 
the battery of emf 3 V through a resistance of 
200 Q, shows full scale deflection. Find the 
figure of merit of the galvanometer in 
microampere. | 


44. Agalvanometer coil has a resistance of 12 Q and 
the meter shows full scale deflection for a 
current of 3 mA. How will you convert the 
meter into a voltmeter of range 0 to 18 V? 

NCERT 


| HINTs AND soLUTIONS | 


1. (¢) The force acting per unit length, 


F Me he 
=e lh 1S =" 1x3 
Loo = 2x107 x 1X3 Lg i977 


Ithe currents are opposite direction, then the wire: 
in opp 
te 1» 


2. (d) Tor i 
‘que experienced 
magnetic field, t= NIBAsia 
ht = NIBA 
When @=0%t=9 00 


gument loop in a uniform 


(: N=1and sin 0° =) 


roving Charges and Magnetism 


3. 


wo 


2 


10, 


12, 


13, 


4. 


. (2) The magnetic moment of a current-ca1 


(a) Given, A=1em? = 1x 10° Sm? 
=10A, B= 0.1 T,0=0° 
The moment of force or torque acting on the circular 
ring. 
t= BAsin® 
=10X 01 X1X107 x sing =0 


(@) The rotation of the loop by 30° about an axis 
perpendicular to its plane make no change in the angle 
made by axis of the loop with the direction of magnetic 
field, therefore, the work done to rotate the loop is zero, 


rrying coil 
M=iA.I{ there are N turns, then M = NiA. 


. (a) To convert a galvanometer into a voltmeter by 


connecting a high resistance in series, required series 
: . Vv 
resistance will be, R= 


=e 


I 


which restricts the current to safe limit Tye 
where, G = resistance of galvanometer = 25 Q, 


1, = current with which galvanometer gives full scale 
deflection =10 mA, 


=10x107A 
V = required range of voltmeter = 100 V 
0 
= R= 95 9975.0 
10x10" 


We can see that magnetic ficld is perpendicular to paper 
and current in the loop is in clockwise direction, So,by 
Fleming’s left hand rule, force on each element of the 


loop is radially outwards, so loop will have a tendency 
to expand, 


. Torque, t= NBIAsin®, where the terms have their usual 


meanings. 


. The principle of moving coil galvanometer is based on 


the fact that when a current carrying coil is placed in a 
magnetic field, it experiences a torque. 


Low torsional constant facilitates greater deflection® 
in coil for given value of current and hence, sensitivity 
of galvanometer increases. 


In order to produce electromagnetic damping i.c,, by 
Producing eddy currents in conducting frame which 
helps in stopping the coil soon. 


Due to eddy currents produced in core which opposes 
the cause (deflection of coil), that produces it, This 
further helps in stopping the coil so on, i.e. in making 
the galvanometer dead beat, 
Voltmeter and resistance being very high when 
Connected in series, makes the effective resistance of the 
citcuit very high. Due to this, cusrent in the circuit 
ecomes extremely small. 
Here, first we have to find the direction of magnetic field 
at point O, due to the wire carrying current 1,,Use 
Maxwell's right hand grip (cork screw) rule, the direction 
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of magnetic field at point O, due to current [, is along 
Y-axis. 


Here, the wire at point O, is placed along Y-axis. Now, 

by the formula, F = 1, (1x B) 

Angle between | and B is 0°, both are at Y-axis, 
F = IIBsin0° =0 


So, the force exerted at point O, because of wire along 
X-axis is zero. 


15. Force per unit length is 
pa Moat? 
4nr 


Ifris increased to 2rand I is reduced to i then new 


force per unit length is F’= i 2 
Te 


F 
“+ Force per unit length between them is. 


16. Refer to text on page 192. 


Now, let the direction of current in conductor 6 be 
reversed, The magnetic field B, at point P due to current 
1, flowing through a will be downwards. Similarly, the 
magnetic field B, at point Q due to current I, passing, 
through b will also be downward as shown. The froce on 
awill be therefore towards the left. Also, the force on b 
will be towards the right. Hence, the two conductors 
will repel each other as shown, 


17, Equivalent magnetic moment of the coil, M = LAR 
Me= Iba 
where, fi = unit vector to the plane of the coil. 
+ Torque = M x B=Ilb(i x B) =0 
As ft and B ate parallel or anti-parallel to each other, 
18. Refer to text on pages 195, 
Increasing the current sensitivity may not necessarily 
Increase the voltage sensitivity, because the current 
sensitivity increases with the increase of number of 
turns of the coil but the resistance of coil also increases 
which affect adversely on voltage sensitivity. 
19. Refer to text on page 196. 


20. The resistance of an ideal ammeter is zero or very low 
in practical condition, so to convert a galvanometer into 
ammeter ils resistance needs to be decreased which can 


be done by connecting a low resistance in its parallel 
order. 
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A moving coil galvanometer of range J, and resistance 
G can be converted into ammeter by connected very low 
resistance shunt in parallel with galvanometer. 


21. Refer to text on pages 194 and 195. 
22. (i) The galvanometer cannot be used to measure the 


current because 
{a) all the currents to be measured passes through 
coil and it gets damaged easily. 
{b) its coil has considerable resistance because of 
length and it may affect original current. 
Current sensitivity of galvanometer depends on 


(a) the magnetic field 
(b) the value of torsional constant. 

(ii) It is necessary to introduce a cylindrical soft iron core 
inside the coil of a galvanometer because magnetic 
field is increased, so its sensitivity increases and 
magnetic field becomes radial. So, angle between the 
plane of coil and magnetic line of force is zero in all 


orientations of coil. 


23. According to the principle of working of a moving coil 


galvanometer, when a current carrying coil is placed in 
a magnetic field, it experiences a torque. 
A high resistance that is connected in series with the 
galvanometer to convert into voltmeter. The value of the 
V 
resistance is given by, R= 7 ~~ G 
fa 
where, V = potential difference across the terminals of the 
voltmeter, J, = current through the galvanometer and 
G =resistance of the galvanometer. 
‘When resistance R, is connected in series with the 
galvanometer, then ’ 
v ‘| 
R=2-G sufi) 
6 
When resistance R, is connected in series with the 
Vv. . 
galvanometer, then R, = = ~~ G ii) 
2, 


From Eqs. (i) and (ii), we get 


andG=R, -2R 


Gin terms of R, and R, is given by G= R, - 2R, 
24. For equilibrium balance, net torque should also be equal 
to zero.When the field is off, Et = O considering the 
separation of each hung from mid-point be I. 
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+: The magnetic 
must balance the weight. 
Mgl= Won 4 

=> 500 gf = Woon ! > Weoit = 500% 9.8N 
Taking moment of force about mid-point, we have the 
weight of coil. When the magnetic field is switcheg 
ON. 

Mgl+ mgl = 
«. Additional mass, 


force applied on CD by magnetic ay 
] 


Woyy HE IBLsin 90°C => gl = B11) 


=107 kg=12 
Thus, 1g of additional mass must be added to regain the 


balance. 
25. For principle and working of gal 
Refer to text on pages 194 and 195. 
(i) Cylindrical soft iron core which not only makes the 
field radial but also increases the strength of the 


Jvanometer, 


magnet. 
(ii) Radial magnetic field is a field in which coil of te 


galvanometer always remains parallel to the field 
even on large deflection. 
(iii) and (iv) refer to text on page 195. 

Current sensitivity does not depend upon resistance 
(R), whereas voltage sensitivity does, as evident from 
their expression. Current sensitivity can be increased 
by increasing the number of turns of the coil, 
However, this increases the resistance of the col. 
since voltage sensitivity decreases with increase © 
the resistance of the coil the effect of increase ia 
number of turns is nullified in the case of voltogt 
sensitivity 


26. (i) Refer to text on pages 194 and 195. 


(ii) (a) Refer to Sol. 22 (ii). 
(b) Refer to Sol. 25 (iv). 
27. (i) A galvanometer of range i, and resistance G can 
converted into 
(a) a voltmeter of range V, by connecting © high 
resistance R in series with galvanometer whose vall® 
is given by 


R= 


(b) an ammeter of ran low 
ge 1, by connecting a very ' 
resistance (shunt) in rallel wil nometel 
whose value is given Dre with galva! 
fee 
1-1, 


(li) Refer to text on page 192 
Thus, the nature of force is attractive. 


Wh irecti 

cibeaicanecte et flow. af. _carrent 
ec 

tehulsine ion, the nature of force beco™ 


in 
65 
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98, Here, 1 =8 A.0=30°,B=015T, F=?, !=1m 
We know that, F = Bil sin @ 


F 2 
re Blsin = 0.15 x 8 x sin30° 


= 0.15 %8 x(1/2) =06Nm™ 


29, Mass of wire PQ, m= 2.5 g=25x10%kg 


3 


Length of wire PO, /=1m 

Current in wire PQ and AC, 1 = 25A 

Let the wire PQ rises upto a height h, 

‘The magnetic field on wire PQ due to wire AC is B. 


By using the formula of magnetic field due to an infinite 
length of wire, 


2x25 
h 
10" x50 50x 1077 
hh 
The direction of magnetic field B on wire PQ is 


perpendicularly inwards to the plane of paper (by using 
Maxwell's right hand rule). 


Ai) 


Force on wire PQ, F = I (Ix B) 
[rangle between | and B is 90°] 
07" . 
=> P= MBsin 90° 25 x1 xo y 1 [From Eg.(i)] 
= Fa =~ 10° alii) 


The wire will lift, if the weight of the wire is balanced 
by force due to wire AC. 


ie. F=mg 
7 
we 10” = 25x 1072 X98 [from Eq, (ii)] 
_1250% 1077 


51.02% 10° ‘m 


2.5% 9.8% 10 
= 51.02 10° *cm= 0,51 cm 
Thus, the wire PQ will rise upto a height of 0.51 cm, 


Here, the angle between the magnetic field and the 
direction of flow of current is 90°. Because the magnetic 
field due to a solenoid is along the axis of the solenoid 
and the wire is placed perpendicular to the axis. 


30. 


I 


Given, =3em=3x107m 


31. (i) Uniform magnetic field, 
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1=10A,B= 0.277 
The magnitude of magnetic force on the wire, 
F = IIBsin90° 
=10%3x 107 x 0.27 x sin90° 
=81x10°N 
According to right hand palm rule, the direction of 


magnetic force is perpendicular to plane of paper 
inwards, 


B=15T 
Radius, r = 10.0 cm=01 m 
Current in the wire, [=7.0 A 
The magnitude of force on the 
wire, 
F=1(1 x B)= IIBsin 90° 

[angle between | and B is 90° and the length of wire 

is equal to the diameter of the cylindrical region] 
+ Force on the wire, 

FalxarxB 
=7xK 2x 0.1% 15=21N 

According to Fleming’s left hand rule, the direction of 
force is vertically inwards to the plane of paper. 


(ii) Now, we take the component of length of wire. The 
horizontal component experiences no force as B is 
parallel to length, 


The vertical component, 
y = Diameter of the cylinder 
So, force F = IIBsin 90° 
=7X O1X LSX 2X1 
AN 
According to the Fleming's left hand rule, the 


direction of force is perpendicularly inwards to the 
plane of paper. 


(iii) Let the wire be shifted by 6 cm and the position of 
wire is CD. 


OE =6cm,OD = 10 em, DE = EC = x 
(gh 
mn 
mee 
Cc 


In AODE, OD? = OE? + DE* 

> 100 = 36 + DE* 

=> DE* =64 or DE=8cm 

and I = CD = 2DE = 16cm= 0. 16m 


204 


32, 


Magnitude of force, 
F’=1(1 B)= 7 (0.16 1,5x sin 90°) = 1.68 N 
According to Fleming's left hand rule, the direction of 
force is vertically downwards to the plane of the 


paper. 
For solenoid 

Given, length /= 60m, 

Radius = 4 em 

Number of layers =3 

Number of tums in each layer = 300 


For wire 

Given, length, 4, = 2cm 

Mass, m= 2.5 g, current J, =6A 

Let Ibe the current passing through the solenoid, so the 


magnetic field due to the solenoid. 
Huiieal _., _ Number of turns _ 3003 
Tength 0.6 
Han x1077 x 2X3 x7 i) 
06 


Force on the wire, F=I, (I,, x B)=1, (1,Bsin 0) 
[angle between /, and Bis 90°] 
This force balances by the weight of wire = mg 

1,1, B sin 90° = mg 


6x 002 » iene ae 1=25 10° x98 
[from Eq, (i)] 


-3 
2.5% 10" * X 98X06 _ 199 46 4 


Current, I = x06 
108 x 4m x10 


. Bx107N ; refer to Example 4 on page 193. 


2%107N; refer to Example 3 on page 192. 
Force per unit length between the current carrying 


wires is given as 


pole 2hle 
4n or 


urrent in wire AB =12 A 
urrent in wire CD =5A 

distance between wires = 1 mm=1x10™ m 
Ma 2s 
anor 


where, J. 
I 


and 
= mg 


where, m= mass per unit length, 


= 10" 


36. 
37. 


38. 


39. 


| 
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zi 1x10’ 10 


m=L2x 10 kg/m 
Current in CD should be in opposite direction to thar, 
AB. 
Refer to Example 5 on page 194. 
Given, N = 20, 1 =12A, B= 080T, 
[= 10cm =10%10 m, 0 = 30° 


(Ans. 3.927 y..) } 
| 


A=P =(10%107) = 10010 m? 


= NBIAsin® 
20 x 0.80 x12 100 x10 x sin30° 


“Area, 


As, 
=> 


= 9600x10-' =0.96N-m 


Here, N = 30, R=8.0cm =8X10""m, 
1=60A, 0=60° and B=1.0T 
(i) The magnitude of the counter torque 
= magnitude of the deflecting torque 
= NAIBsin 0 = N-(nR*) IBsin ® 
= 30x 3.14% (8x 10° *)? x 6.0% 1.0% sin 60° 


=3.14N-m 
(i) The answer would not change as area enclosed by the 
coil as well as all other particulars remain unaltered | 
and the formula, t= NAIB sin @ is true for planar ceil | 


for any shape. | 


Given, number of turns, N = 20 

Radius of circular coil, r=10 em = 0.1 m 

Magnitude of magnetic field, B= 0.1 T 

The angle between the area vector and magnetic field 

iso’. 

= e=0° 

Current in the coil, J = 5.0. A 

(i) Torque on the coil, t= NIAB sin © 

= 20 x $x 1 (0.1)" X0.1X sin 0°= 0 

‘ [sin 0° = 0] 

(ii) The forces on the planar loop are in pairs, ie. the free 
on Wo opposite sides are equal and opposite to &" 
other and on the other two opposite sides, they 
same. Thus, the total force on the coil is zero. 

Fy 


Fa 
( B, = Band F, =- FB) 
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(ii) Number density of electrons, N =10°/m? 
Area of cross-section of copper wire, A =10-5m? 
The magnitude of magnetic force, F = ¢ (v, xB) 


T=neAvy 
aie. 1 utes 
eA Nea 
01x 5 sit 
“ir xo” [- sin90°= 1] 
=5x10%* 


40 Here, B=60G, A =2x10* m’, N =40 
1=4mA=4x10" A,0=16° 


“ 1=*9 = p= MBA 
NBA 


_ 40x60 2x10" 1x4 x107 
= 16 
=1.2x10" ‘ N-m per degree 
Al. Given, R, =10 , N, = 30, A,=3.6 x10" *m’, 
B, = 0.25 T, R, =14 9, N, =42, 
A, =1.8% 10 *m’, B, = 0.50T 


ky = ky (spring constants are same) _ (i) 
(i) Using the formula of current sensitivity, I = “ 
_ Ky NpByAgk, _ 42% 0.50% 1.8% 10°? 
&, N,BA\k, 30% 0.25% 36x 10"* 
=14 [From Eq, (i)] 
(ii) Using the formula of voltage sensitivity, 
NAB 
yen 
KR 
Ns, _ NoBeAak R, 


Ye, FeRN BA, 
42x 0.50% 1.8% 10"? x 10 
Tax 30% 0.25% 3.6% 10"? 
=1 
42. Refer to Example 9 on page 195. 


[from Eq. ()] 
[Ans, 0.012) 
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43, Here,n=30,G=1009, E=3V, R= 2002,k =? 
Total resistance = G + R =100 + 200= 300 2 


pe eee oa 
* G+R 300 100 
pate 211 1 2 adiv 
n 30 3 


k =} xa"? x 10° WAI div 
Figure of merit (Restoring torque per unit twist) 
k =3333 WA /div 
44. Given, resistance of galvanometer coil, G =122 
Current in galvanometer, 


Lg 


iC, 

1, =3mA=3x10°A 
and potential difference, 

V=I8V 
We can convert the galvanometer into voltmeter by 
using a large resistance R in series. The resistance can 


be calculated using the formula, 


Rs LG 


ws 
3X0 


—12 = 5988Q 


This resistance ( 98S Q) is connected in series with 
the galvanometer. The resistance is connected in series 
because we have to increase the resistance of the 
galvanometer, so that almost no current flows through it 
and it gives an exact value of potential difference. 


SUMMARY 


Magnetic Field The space in the surroundings of a magnet 
of a current carrying conductor in which its magnetic 
influence can be experienced is called magnetic lield 
Oersted's Experiment HC Oersted by his experiment 
observed that a current carrying conductor deflects magnetic 
compass needle placed near it. 
Ampere’s Swimming Rule If aman is swimming 
wire in the direction of current with his face always tumed 
towards the needle, so thal the current enters through his 
feet and leaves at his head, then the V-pole af the magnetic 
needie will be deflected towards his left hand 
Biot-Savart’s Law This law deals with the magnetic fi 
induction at a point dueto a small current element, ie, 
__ iulsino 

ar ae 


along the 


ield 


oB 


Permittivity and Permeability Electric permittivity (eq), he 
of electric field with medium 


degree of interaction 
ubstance to acquire 


Magnetic permeability, the abilily of a s 
magnetisation in a magnetic field. 
Right Hand Thumb Rule When the thumb of right hand is 
placed along the direction of current, the fingers curl around 
the conductor in the direction of magnetic field lines 


Magnetic field al any point along the axis of circular current 
Hole 
carrying conductoris B=— a aa, 
nymng aye+ay” 
Magnetic field at the centre of a circular current carrying 
conductor/ coil 
pater 
2r 
I Law According to this law, the line 
ic field B around any closed palh in 
times the net current enclosed by the 


Ampere’s Circuital 
integral of the magneli 
vacuum is equal to Ho 
curve, 

fe xd 1 =pol 


ie, 
Magnitude of a Magnetic Field of a Stralght Wire Its 
B= a 


iv 
given by e 
Solenoid itis an insulated long wire closely wound in the 


form of a helix. 


any point inside 


Magnetic Field due to Straight solenoid At 
the solenoid, B = Ho! 2 
At points near the end of air closed solenoid, B = Wyl/2) 

i iform Magnetic Field When 
Force on Moving Charge in a Uniform 
aenarged particle (q)moves with 8 velocity (v)inside a uniform 
magnatic field, then force acting onit is given by F =q(vxB) 
Magnetic Force On a Charged Particle It is given by 

F = (vxB) 

When charged particle enters into a magnetic field 
perpendicularly, then 


i) Te a8 (yee 


5 gB 2 
y= (vy) KE= 

(v= () 

of the electric force and magnetic force 


Lorentz Force The sum 
harged particle due to its electric 


thal can be exerted on act 
charge @) is called Lorentz force 


itis F=g(E+vxB) 
Force on a Current Carrying Conductor in a Uniform 
Magnetic Field itis given by, F = 18 sine 

Fleming's Left Hand Rule Ifthe forefinger, middle finger and 
the thumb of Ihe left hand are stretched mutually at right angles 
to one another such that the forefinger points in the direction of 
magnetic field, middle finger in the direction of current, then 
thumb will point in the direction of force an the conductor. 
Force between Two Parallel Current Carrying Conductors 
fio 24le 


itis given by F 
an or 


Torque Experienced by a Current Loop in a Uniform 
Magnetic Field It is given by t = B/NAsin@ 

Moving Coil Galvanometer It is an instrument which is based 
‘on the fact that when a current carrying coil is placed ina 
magnelic field, then it experiences a torque. 


hile Rear as Magnetic Dipole The magnitude ot 
tees a aueete ata distance x from the centre of8 
arrying a steady current / is 
ty IR? 


Tor 
que on a bar magnet in a uniform magnetic field is 
t= MBsin0 =MxB 


CHAPTER 
PRACTICE 


OBJECTIVE Type Questions 


ed 


w 


Vector form of Biot-Savart’s law is 


Hy Zdixr 
(a) dB="2 
® an? 


Apolygon shaped wire is inscribed in a circle of 
radius R. The magnetic induction at the centre 
of polygon, when current flows through the wire 
is 


Mond an 
© oe (=) 


® Mont an (*) 
2nR n 


(9 tat tan () 
n 


anR 
(d) Hor! oon (4) 
2nR ig 


For a cylindrical conductor of radius a, which of 
the following graphs shows a correct 


relationship of B versus r? 
B B 


(a) (b) 


4. Which of the following represent a correct 


figure to display of magnetic field lines due to a 
solenoid? 


Cross-section of wires 


Cross-section of wires 
ee) 


0) ~#e a aa 


—————__——+ 


(a) 


SOO 8 


Cross-section of wires 
Z Cross-section of wires 


(©) SSS Sees —eEe—eeees 


es 
Zot eg 
5. Along solenoid has 20 turns cm". The current 
necessary to produce a magnetic field of 20 mT 
inside the solenoid is approximately 
() 1A (b) 2A 4A SA 


6. Anelectron is travelling horizontally towards 
East. A magnetic field in vertically downward 
direction exerts a force on the electron along 

(a) East (b) West (c) North (d) South 


7. Which of the following statements is correct? 
CBSE 2021 (Term-1) 

(a) Magnetic field lines do not form closed loops. 

(b) Magnetic field lines start from North pole and 
end at South pole of a magnet. 

(c) The tangent at a point on a magnetic field line 
represents the direction of the magnetic field at 
that point. 

(a) ‘Two magnetic field lines may intersect each 
other, 


8. The magnetic field at the centre of a current 
carrying circular loop of radius R is B,. The 
magnetic field at a point on its axis ata 
distance R from the centre of the loop is B,, 


then the ratio (2 } is 
B, CBSE 2021 (Term-1) 


a) 2 OF @e 2 
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9. Acurrent ca 
- nt i ir i 
Tying wire kept in a uniform 14. The SI unit of magnetic field intensity is 


magnetic field will experi: xi 
ee hea perience a maximum CBSESOP (Terms | 
a ; CBSE 2021 (Term-1) (a) A-mN™ (b) NA“ m7 oy 
a Perpendicular to the magnetic field () NA“m™ (d) NA“! m™* 
parallel to the magnetic field | 
(c) at an angle of 45° to the magnetic field Ie The ag ofa moving cot Earache ? | 
wound over a metal 1O 


(d) at an angle of 60° to the magnetic field (CBSE SQP (r 
erm} 


10. aS wires carrying currents I, and J, lie, one (a) reduce hysteresis 
slightly above the other, in a horizontal plane (b) increase sensitivity 
as shown in figure. The region of vertically (c) increase moment of inertia | 
upward strongest magnetic field is (d) provide electromagnetic damping 


c : 
BSE2021 (Term-D) 46, rhree infinitely long parallel straight current 
carrying wires A, Band C are kept at equal 


u 5 I | 
distance from each other as showninthe | 
i figure . The wire C experiences net force F } 
= “The net force on wire C, when the currentin | 
wire Ais reversed will be CBSE SQP (Term) | 
en | 
a WV t I 
zi | 
(a)I (b) 0 A 8 C 
(0 (div (a) zero (b) F/2 
{1. Two parallel conductors carrying current of (c) F (d) 2F 
4.0 A and 10.0 A are placed 2.5 em apart lh 17. Inahydrogen atom, the electron moves in an 
vacuum. The force per unit length between orbit of radius 0.5 A making 10 rps, the | 
themis | ai magnetic moment associated with the orbital 
(a)6.4x10°° Nim () 6.4x10°" Nim motion of the electron will be 
(0) 4.6% 10° Nim (A) 3.2% 10" ‘Nim CBSE SOP (Term 
2512x102 A-m? 38 4m? 
12. straight conducting rod of length /and mass (a) 2512x108 Arm? (b)1,256%10 ‘A-m 
(c) 0628x107 A-m* — (d) zero 


horizontal plane by a pair 


mis suspended ina 
gnetic field of 18. 


i il inama Setar 
of flexible strings The current sensitivity of a galvanometer 


magnitude B. To ene the fension ie the increases by 20%. If its resistance also 
supporting strings. U e magnitude of the ; increases by 25%, then the voltage sensitivity 
current in the wire is CBSE 2021 (Term-1) will CHSESQP (Term? 
1 - 
re mgB oy mal (a) decreased by 1% (b) increased by 5% 
aa (c) increased by 10% (d) decreased by 4% 
mgs @ 2 19 i 
mE — . Two wires of the same length are shaped into® 
/ : square of sidea and a circle with radius’ If 
13. Aproton and an alpha particle move in they carry same current, the ratio of their 
A Prtjar orbits in a uniform magnetic field. magnetic moment is CBSE SP (rer™ 
Their speeds are in the ratio of 9:4. The ratio (a) 2:0 (b) 1:2 
of radii of their circular orbits | ac (nia (@) din 
‘alpha 20. The wire whi : 
+ The ich connects the battery of 4° 
; : CBSE el (Term-1) ip its starter motor carries current of 30 
(a) 3 ®, 5 @)- during starting, Force per unit length 
s 3 etween wires (wires are 0.7 m long an! 


0.015 m distant apart) is 


oving Charges and Magnetism 


(a) 12 Nav | repulsive 
(h) 1.2 Nov ! attractive 
(¢) 24Nuv! repulsive 
(@) 24m! attractive 


2. For the voltmeter circuit given, 


Ss 
-@-iw— 
Io R 
/ 
I, G 
OTs 
I _R, +G 
Opa 
()(UI-1,)R, =1,(G+5) 
(IR, =I, 


22.° A current J flows through a long straight 
conductor which is bent into a circular loop of 
radius R in the middle as shown in the figure. 


The magnitude of the net magnetic field at 
point O will be CBSE 2020 (Term-I) 
(a) zero 


wise +n) 


(Hol 
4nR 


(a tol ( = 2) 

2R t 
A current of 10A is flowing from east to west 
in along straight wire kept on a horizontal 


table. The magnetic field developed at a- 


distance of 10 cm due north on the table is 
eee. [CBSE 2020) 


23, 


(a) 21075 T, acting downwards 
(b) 2x107* T, acting upwards 
()4x107° T, acting downwards 
(4)4 x10" T, acting upwards 


24. 


25. 


26. 


27. 
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An electron and a proton are moving along 
the same direction with the same kinetic 

energy. They enter a uniform magnetic field 
acting perpendicular to their velocities. The 
dependence of radius of their paths on their 


masses is CBSE 2020 
(a)rem (b) rec vm 
1 1 
(c) re — (d) ro —= 
(o) ree @r ir 


Acurrent of 5 A is flowing from east to west in 
a long straight wire kept on a horizontal table. 
The magnetic field developed at a distance of 


10 cm due south on the table is CBSE 2020 
(a)1x 1075 T, acting downwards 
(b)1x 107° T, acting upwards 


_ (©) 2x107* T, acting downwards 


(4) 2x107* T, acting upwards 


There are uniform electric and magnetic fields 
in a region pointing along X-axis. An c-particle 
is projected along Y-axis with a velocity v. The 
shape of the trajectory will be CBSE 2020 
(a) circular in XZ-plane 

(b) circular in YZ-plane 

(c) helical with its axis parallel to X-axis 

(d) helical with its axis parallel to Y-axis 


The coil of a galvanometer consists of 100 turns 
and effective area of 1cm?. The restoring couple 
is10-* Nm rad“, The magnetic field between 
poles is of 5 T. Current sensitivity of this 
galvanometer is 


(a) 5X10" radAtamp —(b) 5X10° per amp 


(c) 2x10 peramp — (dl) Srad/ptamp 


ASSERTION AND REASON 


Directions (Q, Nos. 28-33) In the following questions, two 
statements are given one labeled Assertion (A) and the other 
Labelled Reason (R), Select the correct answer to these questions 
from the cades (a), (b), (c) and (d) as given below 


(a) Both Assertion and Reason are true and Reason is 
the correct explanation of Assertion, 

(b) Both Assertion and Reason are true but Reason is 
not the correct explanation of Assertion, 

(c) Assertion is true but Reason is false. 

(d) Assertion is false but Reason is true. 
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28. 


Assertion Ifa proton and an a-particle enter a 
uniform magnetic field perpendicularly with 
the same speed, the time period of revolution of 
«particle is double than thal of proton. 

Reason Ina magnetic field, the period of 
revolution of a charged particle is directly 
Proportional to the mass of the particle and 
inversely proportional to the charge of particle. 


8 


Assertion The magnetic field produced by a 
current-carrying solenoid is independent of its 
length and cross-sectional area. 

Reason The magnetic field inside the solenoid is 
uniform. 


30. Assertion An electron and a proton enter a 
magnetic field with equal velocities, then the 
force experienced by the proton will be more 
than electron. 


Reason The mass of proton is 1837 times more 
than that of electron. 


31. Assertion A proton and an electron, with same 
momenta, enter in a magnetic field in a 
direction at right angles to the lines of the force. 
The radius of the paths followed by them will be 
same. 

Reason Electron has less mass than the proton. 
CBSE SQP (Term1) 


32. Assertion On increasing the current sensitivity 
of a galvanometer by increasing the number of 
turns, may not necessarily increase its voltage 
sensitivity. 

Reason The resistance of the coil of the 
galvanometer increases on increasing the 
number of turns. CBSE SQP (Term1) 


33. Assertion When radius of a current carrying 
loop is doubled, its magnetic moment becomes 
four times. 

Reason The magnetic moment of a current 


carrying loop is directly proportional to the 
area of the loop. CBSE 2021 (Term1) 


CASE BASED QUESTIONS 

Directions (Q.Nos. 34-35) These questions are case study 
based questions. Attempt any 4 sub-parts fiom each question. 
Each question carvies 1 mark, 


35. 
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34, Electron Moving in Magnetic Field 
An electron with a speed ¥ << ¢ moves ina 
circle of radius 7 in a uniform magnetic field, | 
This electron is able to traverse a circular path 
as magnetic field is perpendicular to the 
velocity of the electron. The time required for 
one revolution of the electron is Ty. The speed 
of the electron is now doubled to 2v. } 
(i) The radius of the circle will change to 
(a) 4% (b) 2%, 
(c) (d) r /2 
(ii) The time required for one revolution of the 
electron will change to 
(a) 47, (b) 27, | 
(c) Ty (d) 7, /2 
(iii) A charged particle is projected in a magnetic 
field B= (2i+4j)x10? T. The acceleration of 
the particle is found to be a=(xi+2j)ms* | 
Find the value of x. | 
(a) 4 ms*? (b) -4 ms ~* } 


(c) -2 ms * (d) 2 ms~* 


(iv) If the given electron has a velocity not 
perpendicular to B, then the trajectory of the 


electron is 
(a) straight line (b) circular } 
(c) helical (a) zig-zag / 


(v) If this electron of charge (e) is moving 
parallel to uniform magnetic field with — 
constant velocity v. The force acting on the | 


electron is | 
(a) Bev w= 
7 
B 
(ce) — (d) zero 


ev 
Moving Coil Galvanometer 
Moving coil galvanometer operates on 


Permanent Magnet Moving Coil (PMMC) 


mechanism and was desi enti 
, lesigned by ¢ entist 
D'arsonval, ; a, 


Moving coil galvanor 
(i) Suspended coil 
a Pivoted coil type or tangent galvanometer. 
ts Working is based on the fact that when a 


cur yi ili 
ance carrying coil is placed in a magnetic 
» it experiences a torque. 


meters are of two types 


poving Charges and Magnetism 


This torque tends to rotate the coil about its 
axis of suspension in such a way that the 


magnetic flux passing through the coil is 
maximum. 


Scale 


Pointer Permanent magnet 


Coll 


Unifortn radial 
magnetic tield 
(i) A moving coil 
instrument which 
(a) is used to measure emf 
(b) is used to measure potential difference 
(c) is used to measure resistance 


galvanometer is an 


(@) isa deflection instrument which gives a 
deflection when a current flows through its 
coil 

(i) To make the field radial in a moving coil 
galvanometer, ‘ 

(a) nuniber of turns of coil is kept small 

(b) magnet is taken in the form of horse-shoe 

(c) poles are of very strong magnets 

(4) poles are cylindrically cut 

(iii) The deflection in a moving coil 
galvanometer is 

(a) directly proportional to torsional constant of 
spring 

(b) directly proportional to the number of turns 
in the coil G 

(0) inversely proportional to the area of the coil 

(d) inversely proportional to the current in the 
coil : 

(iv) Ina moving coil galvanometer, having a coil 
of N-turns of area A and carrying current J is 
placed in a radial field of strength B. 

The torque acting on the coil is ; 
(a) NA?B?I (b) NABI 
(c) N? ABI (d) NABI 


2il 


(v) To increase the current sensitivity of a 
moving coil galvanometer, we should 
decrease 
(a) strength of magnet 
(b) torsional constant of spring 
(c) number of turns in coil 
(d) area of coil 


VERY SHORT ANSWER Type Questions 


36. State the rule that is used to find the direction 
of magnetic field at a point near a current 
carrying straight conductor. 


37. 


What will be the magnetic field at the centre of 
a circular coil carrying current, when the 
current through the coil is doubled and the 
radius of the coil is halved? 


38. 


What is the force:on a charge moving along the 
direction of the magnetic field? 


39. Name the force which is experienced by a 
moving charged particle in electric and 
magnetic field. 


40. Under what condition does an electron moving 
through a'magnetic field experience maximum 
force? 

41. Acharged particle moves through a magnetic 
field. Is the momentum of the particle affected? 


rp 


An electron beam projected along + 
experiences a force duc to a magnetic field 
along the + Y-axis. What is the direction of the 
magnetic field? 


43. 


In acertain arrangement, a proton does not get 
deflected while passing through a magnetic 
field region. Under what condition is it 
possible? 


44, Write the expression for the force between 
parallel current carrying conductors, 


45. An electron with charge - e and mass m travels 
at a speed vin a plane perpendicular to a 
magnetic field of magnitude B. The electron 
follows a circular path of radius R, Ina time ¢, 
the electron travels half-way around the circle. 
What is the amount of work done by the 
magnetic field? 
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46. Asolenoid with n loops of wire tightly wrapped 
around an iron core is carrying an electric 
current J. If the current through this solenoid is 
reduced to half, then what change would you 


expect in inductance L of the solenoid? 


47. Aproton is accelerated through a potential 
difference V, subjected to a uniform magnetic 
field acting normal to the velocity of the proton. 
If the potential difference is doubled, how will 
the radius of the circular path described by the 


Proton in the magnetic field change ? CBSE 2019 


Write the relation for the force acting on a 
charged particle g moving with velocity v in the 
presence of a magnetic field B. CBSE 2019 


49. When a charge q is moving in the presence of 
electric (E) and magnetic (B) fields which are 
Perpendicular to each other and also 
perpendicular to the velocity v of the particle, 
write the relation expressing vin terms of E 
and B. CBSE 2019 


48. 


50. Define the term current sensitivity of a moving 
coil galvanometer. CBSE 2020 
51. An electron moves along + x direction. It enters 
into a region of uniform magnetic field B 
" directed along - z direction as shown in figure, 
Draw the shape of trajectory followed by the 
electron after entering the field. CBSE 2020 
y 
B 
—ye x 
Zz 
52. Asquare shaped current A 
carrying loop MNOP is 1 
placed nearastraightlong "| ‘2 Ww 
current carrying wire AB | 
as shown inthe figure. The — [HL 
wire and the loop lie in the | 
same plane. If the loop a 4 


experiences a net force F al 
towards the wire, find the 
magnitude of the force on the side NO of the 


JO0B: CBSE 2020 


SHORT ANSWER Type Questions 


53. 


54. 


55. 


56. 


57. 


58. 


59, 


60 


61 


62. 
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Adeuteron and an alpha particle having same 
momentum are in turn allowed to pass throug, | 
a magnetic field B, acting normal to the 
direction of motion of the particles. Calculate 
the ratio of the radii of the circular paths 
described by them. CBSE 2019 


Acharged particle q is moving in the Presence 
of a magnetic field B which is inclined to an 
angle 30° with the direction of the motion of the 
particle. Draw the trajectory followed by the 
particle in the presence of the field and explain 
how the particle describes this path. CBSE 2919 


| 
Ano-particle and a proton of the same kinetic | 
energy are in turn allowed to pass through a | 
magnetic field B, acting normal to the direction 
of motion of the particles. Calculate the ratio of 

radii of the circular paths described by them. 
CBSE 2019 


Two similar coils are placed mutually | 
perpendicular such that their centres coincide. 

At centre, what will be the ratio of the | 
magnitudes of magnetic fields due to one coil 

and the resultant magnetic field? 


In what way, current carrying solenoid behaves 
like a bar magnet. Find the magnetic field 
induction at the axis of solenoid due to current 


flowing through it. 


What is Lorentz force? Give some important 
characteristics of this force. | 


Equal currents are flowing through two 
annoltely long parallel wires in the same 

rection. What will be the magnetic field ata 
Point mid-way between the two wires? 


ae an expression for the torque ona 

nt carrying loop suspended i if 
form 

Magnetic field, rere 

Ina i i 
rains Coil galvanometer having a coil of 
ae Ro area A and carrying current / and is 
pray n a radial field Of strength B. What will 
Orque acting on the coil? 


Is it Possible to decre: 


°f given yor ‘ase or increase the range 


Meter? Explain. 
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LONG ANSWER Type I Questions 


63. Using Ampere's circuital law, find an expression 
for the magnetic field at a point situated at a 
normal distance R from an infinitely long 
current carrying straight wire. 


64. What is the force that a conductor of length dl 
carrying a current J experiences, when placed in 
amagnetic field B? What is the direction of this 
force? 


65. Anelectron being accelerated through a 
potential difference of V enters a uniform 
magnetic field of B perpendicular to the 
direction of motion. Find the radius of path 
described by the electron. 


66, (a) Derive the expression for the torque acting 
on a current carrying loop placed in a 
magnetic field. 

(b) Explain the significance of a radial magnetic 
field when a currrent carrying coil is kept in 
it. CBSE 2019 


. (a) State the underlying principle of a moving 
coil galvanometer. 

(b) Give two reasons to explain why a 
galvanometer cannot as such be used to 
measure the value of the current in a given 
circuit. 

{c) Define the terms (i) voltage sensitivity and 
(ii) current sensitivity of. a galvanometer. 

CBSE 2019 
68. 


Two infinitely long straight wires A, and A, 


carrying currents / and 2/ flowing in the same 
directions are kept d distance apart. Where 
Should a third straight wire A, carrying current 
15 be placed between A, and A;, so that it 
experiences no net force due to A, and A,? Does 
the net force acting on A, depend on the 
current flowing through it? 


LONG ANSWER Type I] Questions 


69, Three wires of equal lengths are bent into the 
form of three loops. One of the loops is 
Square-shaped, second loop is 
triangular-shaped and third loop Is circular, 
These are suspended in a uniform magnetic 
field and the same current is passed through 
them. Which loop will experience greater 
torque? Give reasons. 
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70. Arectangular current carrying loop of length a 


and breadth b is shown in the figure. Find the 
magnetic field at the centre of the loop. 


71. Two straight infinitely long wires are fixed in 
space, so that the current in the left wire is 2 A 
and directed out of the plane of the page and 
the current in the right wire is 3 A and directed 
into the plane of the page. In which region(s) 
is/are there a point on the X-axis, at which the 
magnetic field is equal to zero due to these 
currents carrying wires? CBSE SQP (Term-l) 
Justify your answer. 

Region | 


Region Il Region Ill 


+x 


aaan-@--2- 


72. (a)Show that a current carrying solenoid 
behaves like a small bar magnet. Obtain the 
expression for the magnetic field at an 
external point lying on its axis. 

(b) A steady current of 2A flows through a 
circular coil having 5 turns of radius 7 cm. 
The coil lies in 1y-plane with its centre at the 
origin. Find the magnitude and direction of 
the magnetic dipole moment of the coil, 

CBSE 2020 
Or 

(a) Derive the expression for the force acting 
between two long parallel current carrying 
conductors. Hence, define LA current. 

(b) Abar magnet of dipole moment 3 Am? rests 
with its centre on a frictionless pivot. A force 
F is applied at right angles to the axis of the 
magnet, 10 cm from the pivot. It is observed 
that an external magnetic field of 0.25 T is 
required to hold the magnet in equilibrium 
at an angle of 30° with the field. Calculated 
the value of F. How will the equilibrium be 
effected if F is withdrawn? CBSE 2020 
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NUMERICAL PROBLEMS 


73. 


74. 


75. 


76. 


A copper coil of 100 turns, radius 8x 10-2 m 
Carries a current of 0.40 A, What will be the 
magnitude of magnetic field at the centre 
of coil ? 


Astraight wire carrying a current of 12 Ais bent 
into a semi-circular arc of radius 2.0 cm as 
shown in Fig. (a). Consider the magnetic field B 
at the centre of the are. 


(i) What is the magnetic field due to the 
straight segments? 

(ii) In what way the contribution to B from the 
semi-circle differs from that of a circular 
loop and in what way does it resemble? 

(iii) Would your answer be different, if the wire 
was bent into a semi-circular arc of the same 
radius but in the opposite way as shown in 
Fig. (b)? 

Aclosely wound solenoid 0.80 m long has 5 

layers of windings of 400 turns each. The 

diameter of the solenoid is 1.8 x10~*m. If the 
current carried is 0.8A, what will be the 
magnitude of field near the centre? 

A beam of protons passes undeflected with a 

‘horizontal velocity v, through a region of 

electric and magnetic fields, mutually 

perpendicular to each other and normal to the 
direction of beam. If the magnitudes of electric 
and magnetic fields are 100 kV/m and 50 mT 
respectively, calculate the 

(i) velocity of the beam and 

(ii) force with which it strikes the target on a 
screen, if the proton beam current is equal 
to 0.80 mA. 

Two concentric circular wire loops of radii 20 

cm and 30 cm are located in an XY-plane, each 

carries a clockwise current of 7 A. 

(i) Find the magnitude of the net magnetic 
dipole moment of the system. 

(ii) Repeat for reversed current in the inner 


loop. 


78. 


79. 


80. 


81 
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The coil of galvanometer consists of 100 tums 
and effective area of 1 em*, The restoring coup), 
is 10-® N-m/rad. The magnetic field between 
poles is of 5, What will be the current 
sensitivity of galvanometer? 
The current sensitivity of a MCG increases by 
20% when its resistance is increased by a factor 
of 2. Calculate by what factor the voltage 
sensitivity changes? 
Agalvanometer with a coil of resistance 12.0.9 
shows full scale deflection for a current of 25 
mA. How will you convert this meter into 
(i) an ammeter of range 0 to 7.5 A? 
(ii) a voltmeter of range 0 to 10 V? Determine 
the net resistance of the meter in each case. 
When an ammeter is put in a circuit, does it 
read less or more than the actual current in 
the original circuit? When a voltmeter is put 
across a part of the circuit, does it read less 
or more than the required voltage drop? 
Explain. 


Agalvanometer having 30 divisions has a 

current sensitivity of 20 wA/ div. It has a 

resistance of 25 Q. 

(i) How will you convert it into an ammeter of 
range 0-1 A? 

(ii) How will you convert this ammeter into 2 
voltmeter of range 0-1 V? 


| ANSWERS | 


() 2. (0) 3. (c) 4. (0) 5. (d) 
.(d) Te (c) 8. (a) 9. (a) 10. @) 
-@M 12) 13d 14.0) 15. @) 

7%) 18. @) 19. &) ~— 20. @) 

(c 


(d) The 
Ole dine field due to the long straight conductor 


1 
B, = Hol 
and that d ie 

St due to circular loop of radius Ris, 


y 


2B. 
24. 


Et 


26, 


21. 
31. 
34, 


win Charges and Magnetism 


‘s. The magnitude of net magnetic field at point Ois 


= J ity 1 
eb, B= Hol Bol Mol, 
Ree 2nR al x)" 


() Refer to example-1 given on Page-179 


(i)Since. the angle between their velocities and uniform 
mgnetic field is 90°, So, the path followed by them will 
pe circular in nature. 


‘The radius of circular path followed by charged particle 
ina uniform magnetic field, 


pny _ famk 
qB gB 


‘As kinetic energy K is same, so r « vim. 


|. (b) The situation is as shown, 


5A 
West East 


10cm 


Magnetic field due to long straight wire is 


pole! 
onr 
Here, 1 =5A andr =10cm=01m 
7 
7X10" X5 1x10° T 


2nx01 
The direction of magnetic field is given by right hand 


thumb rule, So, the direction of magnetic field of point 10 


cm is upward due south on the table. 

(a) The net force acting on @-particle is given by 
F=qE+(vxB)] 

The direction of E, v and B are shown as, 


y 


—e 


—eE 


—sB 
iz 


x F=q[Hi+(gx Bb] 

=4q [Ei + vB(- k)) 
So, the shape of trajectory will be circular in 
z- plane, 
(®)— -28.(a) 29.8) 
() 82.(a) — 33.(a) 


(OAs, , == wor Mel oa, 
B 


30. (d) 


qB 


(ii) (As, 7 = 20" 
B 
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Thus, it remains same as it is independent of velocity. 
(iii(b) As, F LB ' 


Hence,a Ll B 

‘ a-B=0 

= (xi42))-(2i+4))=0 
2x+8=0 

= x=-4ms~ 


(iv) () If the charged: particle has a velocity not 
perpendicular to B, then component of velocity along 
B remains unchanged as the motion along the B will 
not be affected by B. 
Then, the motion of the particle in a plane 
perpendicular to B is as before circular one. Thereby, 
producing helical motion. 

(v) (d The force on electron, F =qvB sin® 
The electron is moving parallel to the B, so @=0°. 
= — F=qvBsin0°=0 

35. (i) (d) A. moving coil galvanometer is a sensitive 

instrument which is used to measure a deflection 
when a current flows through its coil. 

(ii) (@) Uniform field is made radial by cutting pole pieces 
cylindrically. 

(iii) (b) The deflection in a moving coil galvanometer, 


=——-I or 6«N, where N is number of tums 


in a coil, B is magnetic field and A is area of 
cross-section. 


(iv) (d) The deflecting torque acting on the coil, 
Tsettection = NIAB 
(v) (8) Current sensitivity of galvanometer 
NBA 
k 
Hence, to increase {current sensitivity) S,, (torsional 
constant of spring) & must be decreased. 

36. Right hand thumb rule states that, if we imagine a linear 
wire conductor to be need in the grip of the right hand 
such that the thumb points in the direction of current, 
then the curvature of the fingers around the conductor 
will give the direction of magnetic field lines. 

37. Magnetic field at the centre of the coil is given by 


patel 
2R 
pra Holl) 4 
AR/2) 
88. Force on a moving charge in magnetic field is given as, 
F =qvBsin0 
Q@=0° = F=0 


Here, 
39, Lorentz force 
40. Magnetic forec, F = q(v x B)= qvB sin® 


Maximum force, Fy, = qvB 
When, sin = 1 or 8 = 90° 


Al. No, its momentum does not get affected. 
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42 
43. 
44. 


46. 


47. 


48. 


49. 


50. 


51 


Direction of magnetic field is in Z-axis direction. 
When it is along the magnetic field, 
Force between the parallel current carrying. conductors 


isF = Ho 2hh 
4x or 


. When a charged particle move in a plane, perpendicular 


to the direction of magnetic field, then a magnetic force 
acts on it. The direction of this force is perpendicular to 
the velocity of the charged particle. 


So, no work is done, i.e. work done is zero. 

The inductance (L) of a solenoid does not depend on the 

current flowing through it, but depends on the magnetic 

field and permeability of material of iron core. So, on 

reducing the current to half, the L remains same. 

‘The kinetic energy of proton due to potential V is given by 
K=ev 

where, e = charge on proton. 

‘The radius of circular path of proton in a magnetic field is 


If potential is doubled, ie. V’ = 2V, then 


pra 2meX2V _ pp, 
QB 


Thus, radius becomes 2 times of previous value. 
When a charged particle g moves with velocity v ina 
uniform magnetic field B, then the force acting on it is 
given by 

F=q(v xB) 
Frorentz = Fetectric + Frnagnetic 

= gE +9(v B)=glE +(v x B)] 
Current sensitivity of the galvanometer is the deflection 
per unit current flowing through it. 

@_ NAB 

Ibis given as, Ie = 7 =p 
where, Ris the restoring torque.per unit twist of 
phosphor bronze strip. 
The magnetic force actin 


F =e(v x B)=evBsin® 
moves along + x direction and Bis, 


—z direction, then ® = 90°. 


g on the electron is given as, 


If the electron 
directed along 
= Fe ; 
by the electron after entering 
the trajectory followed 
the field aie he circular as shown below 


52. 


53. 


54, 
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‘The given loop can be shown below as 


——l— 


M i i 
L 
h | 
. fo} 
Jou 


The force acting on the arms MN and PO of the given 
loop are equal, mutually opposite and collinear. Hence, 
they balance each other. 

Force on arm PM, 


a boht.t 
Font 


= Holi! tractive in nature ...() 
an 


Force on arm NO, 


_ Hal lel 
2 en(2L) 
= Holle repulsive in nature a) 
4n 
From Eqs. (i) and (ii), we get 
Holts — Molle 
Prec =F = Fy — Fy = 0 — a 


= Holite, attractive in nature 
40 


So, from Eqs, (ii) and (iii), we can conclude that the 
magnitude of the force on side NO of the loop is 


F= (tet) when the net force F is towards the wite. 


Mass on deuteron, my = 2m 

Charge on deuteron, qy =e 

Mass on G-particle, mg =4m 

Charge on a-particle, q,, = 2e 

The radius of circular path is given by 
ro 


B 
Momentum of particle, p = mv 


(momentum is same] 


Of: Wg ily 2221 

mn n an charged particle q enters a uniform magnet 
radius. 27 angle of 30°, then its path becomes helix 

my sin 30° 

p= mysin 30° 


eB 2B 


voit Chakges and Magnetisin 


Fer diagram and discription Refer 
181 and 182 (Force on a Movi 
Mignetic Field) 


55. Rekr to sol. of Example 4 on page 182, 


tis. Bie dels 
gi. Referto text on pages 180 and 181, 
6. Refer to text on page 183, 
59. Zero 
60. Refer to text on pages 193 and 194, _ 
|, Refer to text on pages 194 and 195, Ws 
G2. Refer to text on page 196. 
63. Refer to text on pages 179 and 180, 
G4. Refer to text on page 191. 


65. K= 


0 to text on pages 
ing Charge in a Uniform 


2 


my? =eV 


1 
2 


66. (a) Refer to text on pages 193 and 194 
(Torque Experienced by a Current Loop in Uniform 
Magnetic Field), 
(b) In a radial magnetic field, the magnetic torque 
remains maximum for all positions of the coils. 
G7. (a) Refer to text on page 194 [Moving Coil Galvanometer 
(Principle)]. : 
(b) Refer to page 195, 
(©) Refer to text on page 195 
(Working of Moving Coil Galvanometer) 
68. Let the current in the third wire A, be in same direction 


as that of A,and A,, so it will experience attractive force 
due to both, 


15! 
I at 
Fey Fao 
d-x 
A A 
1 Ay 2 
——d—— 
a 


' fy 1x151 x! 
The force on A, due to A, is Fy, = 92° 
where, /= unit length of conductor wire A, 
and x = distance between A, and Ay. 
Similarly, force on A, due to A, is 

fy 1six axl 
“an (d-x) 
According to question, F,, = Fs. 
= Me 151 te 3 8 

am ox = am(d-x) * 


Fy 


3 


d-x 


69. 


70. 


71. 
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wn {pte baru 


Yes, the net force acting on A, depends on the current 
flowing through it. 


For magnetic moment refer Q. 17 on page 198. 
Now, apply the formula, t= MB 

Square will experience maximum torque. 
Refer to Example,2 on page 170. 


pol 
potowes’ 
tab 


Ans. 


Let d be the distance between two current carrying 
wires, then the magnetic field in the region I at a point P 
ata distance x can be calculated using figure given 
below. 


Due to 2A, B, =Ho%b Bo X? annward 


onx anx 
Due to 3A, B, =o % 42 Ho X3_ upward 
an(x+d) 2n(x+d) 


ceNet magnetic field, Bp = b(t = 3} downward 


The magnetic field in region Il is 


Wx (d- 9 —t 


oe 
Due to 2A, B= HO %? ypwaire 
nx 
Due to 3A, By = - 5 upward 
x 


d— 


Due to 2A, B, = 2% upward 
an(x +d) 
Due to 3A, 8, = #3, downward 
and 
x 2 
. Net magnetic field, Bp = Ea (3 -= 3} downward 


As, the current and hence the magnetic field, due to 2A is 
less than that due to 3A. 
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So, for zero magnetic field, Ho (2 ac8 } 
anlx xt+d 
= 2x + 2d =3xorx = 2d 
So, the point lies in region 1. 
72. (a) Refer to text pages 180 and 181. 
(b) Given, I = 2A and N =5 
andr =7.em=007m 
Magnetic dipole moment of a coil, 

M =NIA = 5x 2x (007)? = 0154 Am? 
‘The direction of magnetic dipole moment is 
perpendicular to the plane of coil, i. it is along Z-axis. 

Or 
(a) Refer to text on page 192. 
(b) Given, M =3Am?, d =10 cm =01 m 
B=0,25T and @=30° 
‘The torque acting on the bar magnet, 
= MBsin @f =MxB 
Also, t=F-d=>F-d=MBsin@ 
MBsin @ _ 3X 0.25 x sin 30° 
peg a 


= —— =375N 
2x01 


If F is withdrawn from the bar magnet, then it will 
rotate, due to the torque (t) and align itself along the 
field direction. 

73. Refer to Example 3 on page 171. 


fans, B= #2! 31 x10“T] 
ar 


i) Zero, magnetic field due to a semi-circular wire at its 
a centre is half of magnetic field due to a circular loop. 


(ii) Now, refer to text on page 170. 
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a Hol - 4768 x10°T 
Beomni-citcle ~ 4p : } 
f the magnetic field remains same 


e opposite. 
181. 
[Ans. B= [onl = 2.5x1077) 


iii) The magnitude of th 
mw but the direction will b 


75. Refer to Example 3 on page 


ves 


76. For undeflected beam, 


) 2x10° m/s | 
(ii) F = q(E + v xB) = 1.67510 oN 


Ti. @) M=NLA ® | 
M, = N,I,A, ® : | 
2 M= M, + M, = 286 A-m’ 


NY 
20cm 


30 cm 


(ii) M=|M, —M,|=110 A-m? 
NAB _ 100x110" x5 
K 


78. Current sensitivity, , = 
10° 


=5x10°A7 
79. Refer to Example 8 on Page 195. 
(Ans. Decreased by a factor 0.4] 
80. Refer to Example 9 and 10 on pages 195 and 196, 
(Ans. (i) Resistance of ammeter 4x107Q 
(ii) Resistance of v 


oltmeter = 4000 
81. Refer to Exam a 


ple 9 on pages 195 and 19% 
Ans. (i) Shunt = 08150 ma 


(i) Resistance in series 09850 


A naturally occurring ore of iron, magnetite attracts small pieces of iron towards it. The 


Phenomenon of attraction of small bits of iron, stecl, cobalt, nickel, etc., towards the 
ore, is called magnetism, 


MAGNETISM AND 
MATTER 


ITOPIC 1| 
Bar Magnet and Magnetic Dipole 


A magnet is a material or an object that produces a magnetic field, The 


magnetic field is invisible but is responsible for most notable property of a y CHAPTER CHECKLIST 
magnet, ¢ Bar Magnet and Magnetic 
Magnets are of two types Dipole 

(i) Natural magnets (ii) Artificial magnets ° Magnetic Properties of 
Natural magnets are generally irregular in shape and weak in strength, On the Materials 
other hand, artificial magnets have desired shape and desired strength. A bar 


™agnet, a horse shoe magnet, compass needle, etc., all are the examples of 
amtificial magnets, 
Some commonly known ideas about magnetism are given below 

(i) The earth behaves as a magnet with the magnetic field pointing 
approximately from the geographic South to North, 

(i) When a bar magnet is suspended freely, it points in the North-South 
direction. The tip of the magnet which points wo the geographic North 
is called the North pole and the tip which points to the geographic 
South is called che South pole of the magnet. 

(iil) There is a repulsive force, when North poles (or South poles) of ‘wo 
Magnets are brought close rogether. Conversely, there is a nner 
force between the North pole of one magnet and the South pole of the 
other, 
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(iv) Te is i 
IS possi 

allows Wie Fo make magnets out of iron and its 

ti Na piece of a substance, such as soft iron, 


steel, cobalt, nick i 
acquit uh Mickel, ete., is placed near a magnet, it 
equires magnetism, 


THE BAR MAGNET 


Th 

read magnet has two poles similar to the positive and 

a eee of an clectric dipole. One pole is 

(8). Whee, 3S North pole (N) and the other as South pole 
When a bar magnet is suspended freely, these poles 

Point approximately towards the geographic North and 

South poles, respectively. ‘ 

Like magnetic poles repel each other and unlike magnetic 

Poles attract each other. Ifa bar magnet is dropped into a 

pile of iron-filings, then the maximum amount of filings get 


deposited near the ends of the magnet and almost nil in the 
middle. 


The partern suggests chat attraction is maximum at the two 
ends of the bar magnet. These ends are called poles of the 
magnet. The poles of 2 magnet can never be separated. 


Magnetic Length of a Bar Magnet 


The distance between two poles of a bar magnet is known as 
magnetic length of a magnet. Its direction is from S-pole of 
the magnet to N-pole and is represented by 2/. It is 
sometimes also known as effective length (L,) of the magnet 
and is less than its geometric length (L, ). 


5 
For a bar magnet, L, -(2) ie 


N S| 
—h— 
hy 


Bar magnet 


EXAMPLE |1| Consider a short magnetic dipole of 


magnetic length 20 cm. Find its geometric length, 


is £ time! gnetic 
Sol. Geometric length of a magnet is : times its magnetic 
length. ; 
.. Geometric length = rs 20 


= 24cm 
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y i flength 4L is be 
rt PLE |2| Athin bar magnet 0} bent 
ae : that the angle between them is 602, 


Find the new length of the bar magnet. a 
Sol. On bending the bar magnet, the length of the bar 


magnet, Z bi 
,. (60 io | 
AC = AO+0C = 2Lsin (S)+ «in( 5 


1 
= 4Lsin30°=4L x5 = aL 


B 
AS 


d e 
A o 


The Non-existance of Magnetic Monopole 


‘We cannot isolate the North or South pole of a magnet, ie. 
magnetic poles exist in pairs. If'a bar magnet is broken into 
two halves, we get two similar bar magnets with somewhat 
weaker properties. Unlike clectric charges, isolated 
magnetic North and South poles are known as magnetic 
monopoles which do, not exist. 


N s 


ns} [Ns] [Ns 


fa bar magnet is broken, each piece 
behaves as a small magnet 


Pole Strength 


Iris defined as the strength of a magnetic pole to attnt 
magnetic materials towards itself. Ie isa scalar quantity and 
its SI unic is ampere-metre (A-m), The streneth of N an 
S-pole ofa magnet is conventionally represented! by + 1a 
~ Mr Respectively. It depends on the natute of material an 
atea of cross-section of the magnet, ; 


Strength of N and § i 
i and S-pole of a magnet is alway: al and 
Opposite (+m and — 4), gnec is always equal 


Force between Two 


The force of attraction. or 
magnetic poles of 
distace rere of strengths my and my separated by * 
a Cris directly 2 bead : 
strengths and inser al to the product of pole 
Fenris Y Proportiona e a 
distance between their cennee nal to the square o! 
she, 
” 
F oe My 


ge SE Fok 


Magnetic Poles 


mm 


where, Kj i , 
Kis magnetic force constant, 


\ yagnetism and Matter 


Inst unit, 


Kato what 


where, flo is absolute magnetic Permeability of free space 


(irlvacuum). 
palo mim 
rier 


This is called Coulomb's law of magnetic force. $1 unit of 
magnetic pole strength is ampere-metre. 


Suppose 
and F=10 


From Eq, (i), we have 


sei) 


m, =m. m (say), r=1m 


N 


107 = 107 x LD) 
l 2 


or m?=1 or m=+1A-m 


Therefore, strength of a magnetic pole is said to be 
one ampere-metre, if it repels an equal and similar pole, 
when placed in vacuum (or air) at a distance of one metre 
from it, with a force of 1077 N. 


EXAMPLE |3| Two poles one of which is 5 times as 
strong as the other, exert on each other a force equal to 
08x10? kg-wt, when placed 10 cm apart in air. Find the 
strength of each pole. 
Sol. Let mand 5m be the pole strength of the two poles. 
Here, F =0.8X10°kg-wt = 0.8x107 x9.8N, 
r=10em=0.1m 


Ho mm: 
Fabo. 7m 


anor 
oy 1077 x mx5m 
08x 107 x 98=———_,—_ 
(0.1 
= m=12.52 A-m 
and 5m =5x1252 A-m = 62,6 A-m 


EXAMPLE |4| Two identical magnets with a length 
100 cm are arranged freely with their like poles facing ina 
Vertical glass tube. The upper magnet hangs in air above the 
lower one so that the distance between the nearest poles of 
magnet is 3 mm, If the pole strength of the pole of 
these magnets is 6.64 A-m, then determine the force 
etween the two magnets. 
Sol. Given, pole strength, m = 6.64 A-m 
yp=3mm =3x10~m 


22t 


Since, force, # = HO x Me 
40 


2 


poto,™ 
an 


ate 


[-m, =m, =m) 


664)" 
= he, 
an (3x10") 


? 

= SEI, 40896 _ 50°! 48988 
4m 9x10" 

=049N 


MAGNETIC DIPOLE 


A magnetic dipole is an arrangement of two magnetic poles 
of equal and opposite strengths (—m,-+ m) separated by a 
small distance. e.g. A bat vagnet, a compass needle, etc., are 
magnetic dipoles. 

‘The two poles of a magnetic dipole (or a magnet), called 
North pole and South pole, are always of equal strength and 
of opposite nature, Further, such two magnetic poles always 
exist in pair. 


Magnetic Dipole Moment 


It is the product of the strength of either pole and the 
magnetic length of the magnet. It is represented by M. 


-m_M-- +m 
$s N 
21 


The direction of magnetic dipole moment is same as that of 


21. Therefore, 
M = (21) 


SI unit of magnetic dipole moment is ampere-metre* 
(A-m?) 


EXAMPLE |5| A magnetic wire of dipole moment 
4m A-m? is bent in the form of semicircle. Find the new 
magnetic moment. 
Sol. If length of wire is 21, then magnetic moment 
M=mx2l=4n A-m* [given] 
As wire is bent in the form of semicircle, effective 
distance between the ends is 2r. 


So, new dipole moment 
M'= mx 2r=mx2ax t= 2(mx2l) [ear 2i] 
t nT 


=2m=2an 
n ci 


'=8A-m* 
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EXAMPLE Is] The length of a magnetised steel wire is / 
magnetic moment is M. It is bent into the shape of 


L with two sides equal, w i i 
mbhiente ‘qual. What will be the new magnetic 


Sol. Ifmis strength of 
-ach pole, a 
Mami each pole, then magnetic moment 


When the wire is bent into L shape, 
effective distance between the poles _ 


Us 


+. New magnetic moment, 
Memx-le Mt 


v2 2 
Magnetic Field Lines 


‘The magnetic field lines are a visual and intuitive realisation 
of the magnetic field. The magnetic field lines in a magnetic 
field are thosc imaginary lines which continuously represent 
the direction of the magnetic field. The tangent drawn at 
any point on magnetic field line shows the direction of 
magnetic field ar that point. 


[m will remain unchanged] 


Properties of Magnetic Field Lines 
Important properties of magnetic field lines are given below 
(i) The magnetic field lines of a magnet (or a solenoid) 
form continuous closed loops. This is unlike the 
electric dipole, where these field lines begin from a 
positive charge and end on the negative charge or 
escape to infinity. 
(ii) The tangent to the field line at a given point 
represents the direction of the net magnetic field B at 
that point. 


The field lines of (a) a bar magnet, (b) a current carrying finite 
solenoid and (c) an electric dipole. At large distances, their field 
lines are very similar. The curves labelled (() and (ii) are closed to 
Gaussian surfaces. 
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he number of field lines crossing per yp;, 


(ii) ‘The larger ¢ J magnitude of the magnet 


area, the stronger is th 
field B. : . : 

(iv) The magnetic field fines do not intersect, ori 
did, the direction of the magnetic field would not hy 
unique at the point of intersection. 


MAGNETIC FIELD STRENGTH AT 4 
POINT DUE TO A BAR MAGNET 


The strength of magnetic field atany point is defined as, the 
force experienced by a hypothetical unit North pole placed 
ac that point. It is a vector quantity. The direction of 
magnetic field B is the direction along which hypothetc 
unit North pole would tend to move, if free to do so. 
We have used the word hypothetical unit North pole in the 
above discussion because an isolated magnetic pole does not 
exist. 


When Point Lies on Axial Line 

of a Bar Magnet 

Let 2/ be the magnetic length of a bar magnet with centre0, 
The magnetic dipole moment of the magnet is M, where 
M =m X21, OP = d, is the distance of the point P on the 
axial line from the centre of the magnet. If is the strength 


of each pole, then magnetic field strengch at P due to 
N-pole of magnet is given by 


B,=hey 


m1 ty m 
1 —='0, 


4n (NP)? 4n @-p? along NP produced. 


Magnetic field strength ac P 


given by due to S-pole of magnet is 


B,=Hoy XI Mo om 


Am (SP)? dG pe Mons PS produced 
". Magnetic field strength at P due to the bar magnet 
B=8-B,=Ho,_ mpg im 

4m (d-1)? ~ Gn ep? 


1 1 
4x ma aa 


| ee) ie el 


2 
=a’-b 
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Hom Ald _ Wo (mx 22d 
= ? Rs eee 
4n(d? 0)? and? =)? 
fly Md 
Sak GENE (eM =m x2/] 


When the magnet is short, (<< d?, such that /? is 


neglected. 


palo .2Md 
4nd‘ 


The direction of B is along NP produced. 


EXAMPLE |7| What is the magnitude of the axial fields 
due to a bar magnet of length 5 cm at a distance of 50 cm 
from its mid-point? The magnetic moment of the bar 
magnet is 0.40 A -m?. 

Sol. Given, magnetic length of bar magnet, 2! = 5 cm 
= [= 25cm =2.5x107 m 
Distance, d = 50cm = 05m 
Magnetic moment, M = 0.40A-m* 

Ho, 2Md 
Boon Ph 

Ho 2M 

“an 

_ 107 x2x040 

ay 


=64x107T 


[el << d] 


When Point Lies on Equatorial Line 
ofa Bar Magnet 


Inthe given figure, the point ? is shown on equatorial line 
of the same bar magnet, where OP = d. Magnetic field 
Strength at P due to N-pole of magnet is 


a: jo 
m| &---- N 
-— 2a—_—" 


jee, AE Ho. Se along NP produced. 
4m (NP)? 4m (d? +1?) 
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Magnetic field strength at ? due to S-pole of magnet is 
Ho m1 Wy m 


along PS produced. 
) 


As B, = B, in magnitude, their components B,sin @ along 
OP produced and B,sin@ along PO will cancel out. 
However, components along PX parallel co VS will add. 
Therefore, magnetic field strength at due to the bar 
magnet, B = B, cos0+ B, cos® = 2 B, cos®, along PX. 


=2Ho, ot x u “+ cos = f 
an (+P) fee | Vd?4+P 
Bo mm x2l 


“dn (d?4 Ppp? 


If the magnet is short, /? << d”, such that /? is neglected. 
Bip Me 


4n (423 


B= 


pe aced 
4nd? 


The direction of B is along PX 


line parallel to NS. 


Note From the formulae of magnetic field due to a bar magnet at a 
point in axial position and at a point in equatorial position, it is clear 
that magnetic field due to a short bar magnet at any point on the 
axial line of magnet is twice the magnetic field at a point at the same 
distance on the equatorial line of the magnet. 


EXAMPLE |8| Determine the magnitude of the 
equatorial fields due to a bar magnet of length 6 cm at a 
distance of 60 cm from its mid-point. The magnetic 
moment of the bar magnet is 0.60 A-m?. 
Sol. Given, magnetic length of bar magnet, 2! =6cm 

=> l=3cm=3x107 m 

Distance, d = 60cm = 0.6m 

Magnetic moment, MI = 0,60 A-m? 


ion M 
Magnetic field, B= #8 5 _—“" _ 
si 0 an (EAE? 
MoM. 
= tle 
‘and [el<< d] 
7 
—4mx10 2060 27x107T 
4m x (06) 


224 


Bar Magnet as an 
Equivalent Solenoid 


The magnetic field lines for 
carrying solenoid resemble v 
magnet can be thought as 
currents in analogy with 


Cutting a bar magnet in half is like cutting a solenoid, We 
Sct Nwo smaller solenoids with weaker magnetic properties. 
The field lines remain continuous, emerging from one face 
of the solenoid and entering into other face, 


a bar magnet and a current 
‘ery closely. Therefore, a bar 
a large number of circulating 
a solenoid. 


One can test this analogy by moving a small compass needle 
in the neighbourhood of a bar magnet and a current 
carrying finite solenoid and noting that the deflections of 
the needle are similar in both the cases. 


To prove mathematically that magnetic field produced by 


a solenoid on any point on the axial line is same as that of « 


a bar magnet. This analogy between bar magnet and 
solenoid can be shown by calculating the magnetic field at 
an axial point of solenoid which resembles to that of a bar 
magnet. 


Let i be the current passing through a solenoid, a be the 
radius of solenoid, 2/ be the length of solenoid and » be the 
number of turns per unit length of solenoid. 


P be the point at distance r from centre at which 
eto tie field is to be calculated. Consider a small element 
peru dx of the solenoid at a distance (x) from the 
5 5 


centre O. 
Number of turns in the clement =» de 
“The magnitude of the field at point ? due to the circular 
he 
element is given by ; 
Hy fa’ (nde) 
Tp 


oli) 


7 , istance from O, ie. r>>> a and 
If P lies at a very large dis 2p} : 


ppp x then [(r—2) +4 
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ly jabnde 
_ My fan ee 


ar" 
field ar point P due to current cartying 


dB “ii 
Total magnetic 
solenoid. ieee 
polistie® pid 
2r 7 : 
[-- range of variation of x is from ~/ to4!} 
az 
_ pot a? pat _ to ue (2l) 
Sg ne! ar 
tty 2n(2/) ma? 
“an? 
If M is the magnetic moment of the solenoid, then 
M =Total number of turns x Current 
& Area of cross-section 
M=n(2l)xixma” 


++(iii) 


Hy 247 
jeaho oot 
4n_ 


This is the expression for magnetic field on the axial line of 
a short bar magnet, 


=> 


The magnetic moment of bar magnet is thus equal to the 
magnetic moment of an equivalent solenoid that producss 
the same magnetic field. 


TORQUE ON A MAGNETIC 
DIPOLE IN A UNIFORM 
MAGNETIC FIELD 


When a bar magnet is placed ina uniform magnetic field. 
joa acts on the magnet, Also, magnetic potential energy 
'6 associated with the magnet due to its orientation 3 
discussed below, 
In the figure below, a uni ic field Bi 

igure below, a uniform magnetic field B is represented 


by equidistanc parallel lines. NS isa bar magnet of length? 
and strength of each pole ig ne - 


The magnet is held 


at 20 with the 


direction of B. 


an 


IN a Uniform, Magnetic field 
Pole = 2p, along B 


“Pole =p, PPosite to B 


Bar magnet j 
Force on N. 
Force on § 


Magnetism and Matter 


heres m= strength of each pole and 
ye B= strength of magnetic field, 


These equal and unlike forces form a couple which tend to 
rotate the magnet clockwise, so as to align it along B. 


Torque acting on the bar magnet, 
t= Force x Perpendicular distance 


a t=mB x NA 
7 NA_ NA 
qn ANAS, iO oy 
‘NA = 2/sin® 
Now, T=mB x 2/ sin @= BX (m2) sin® 


2 
ta vec form, 


The direction of t is perpendicular to the plane containing, 
Mand B and is given by right handed screw rule. 

When B=1 and 6=90°, 

then t=M x\1sin 90°=M 

Hence, we may define magnetic dipole moment as the 
torque acting on a dipole held perpendicular to a uniform 
magnetic field of unit strength. 

Unit of M is unit of t divided by unit of B. Therefore, ST 
unit of M is joule per tesla (J T~'). 


EXAMPLE |9| A straight solenoid of length 50 cm has 
1000 turns per metre and a mean cross-sectional area of 
2x10 m?, It is placed with its axis at 30°, with a 
uniform magnetic field of 0.32 T. Find the torque acting on 
the solenoid when a current of 2 A is passed through it. 
Sol. Given, ! =50cm 

Number of turns per metre = 1000 


1 
«Total number of turns (N) = 1000x A = 500 


Area, A = 2x10 m* 

Current, 1 = 2A 

Magnetic field, B = 0.32T 

+ Torque, t= MBsin@ = (NIA) Bsin® , 
= 500% 2x (2X10) x 0.32% ; 


= 0.032 N-m 


} EXAMPLE |10] A bar magnet when suspended 

| ‘rizontially and perpendicular to the earth's magnetic Late 
“Deriences a torque of 3x 10“ N-m. What is the magnet ic 

Toment of the magnet? Horizontal component of earth's 

| Tagnetic field at that place is 0.4 x10™" T- 

4 
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Sol. Given, 0 = 90°,t =3%10'N-m 
and =B=04x10" T 
Since, torque t= MBsin® 


t ___ 3x10 
~ Bind 04 x10~'sin90° 
=7.5 JT? 


Oscillations of a Freely Suspended 
Magnet 

The torque acting on the bar magnet makes it oscillate in 
the uniform magnetic field. 

Since, in equilibrium, t= -MBsin @ 

To. 


Torque acting on a body, 
where, / = moment of inertia 


and ot = angular acceleration. 


Now, Ja =—MBsin® 
= 128. _Masino 
dt 


In the above equation, negative sign with MB sin 0 indicates 
thar restoring torque is in the opposite direction ‘to the 
deflecting torque. For small values of @ in radians, sin 8 = 8. 


> 149 _ pe 
Pe 

24 d°0_—MBO 
ort tha ae wee GQ) 
dt* I 

On comparing the Eq.(i) with equation of SHM, ice. 

d?x Boing 4*0 ‘ 

— > =-°x or in angular terms, —- =- 70 

dt dt~ 


We can say that, the oscillations of a freely suspended 
magnet (magnetic dipole) in a uniform magnetic field are 


simple harmonic. 
»_ MB MB 
@* =— or W=,/— 
T 7 


So; the time period of oscillations, 7 = 2 
oO 


> T =2n,f—— 
MB 


or 


where, / = moment of inertia about the axis of the magnet 
M = magnetic moment 


and B= magnetic field intensity. 
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EXAMPLE (111 Ama 
Momen et Magnetic fiel 
_o ment of magnetic 1 
mertia T= 6.5 10-6 


Performed in 55 j 
fiela in Ssis 10, 


Sol. Here, 7 = Number of revolutions 
Time taken 
M=7.2A-m?, 1 = 6510 kg-m? 


T= T 2 I 
As, T=2n|—_ T? 4x? 
mp a 


The magnitude of the magnetic field is 
palit _4 X (3.14)? x 6.5 x10 
MT* 7.2x (0: 
=1.42x10° T 


POTENTIAL ENERGY OF A 
MAGNETIC DIPOLE IN A 
UNIFORM MAGNETIC FIELD 


ais, 
10 


When a magnetic dipole of moment M is held at an angle@ 
with the direction of a uniform magnetic field B, 
the magnitude of the torque acting on the dipole is given by 


t= MBsin@ 


This corque tends to align the dipole in the direction af the 
field. Work has to be done in rotating the dipole against the 
action of the magnetic torque. This work done is stored as 


potential energy of the dipole. 


Now, a small amount of work done in rotating the dipole 


through a small angle d ®, 
dW =1d0=MBsin@-d0 


Total work done in rotating the dipole from 0=0, 00 =6, 
* AW = J AfBsinOd0 = MB{-coso|? 
We Si ~ J6y sOTo, 


=> W =-MB{cosO - cos0y] 

+, Potential energy of the dipole, 

2 U =W =~-MB(cos0 -cos0,) 

Let us assume that, 0g = 90° 

U =W =-MB(cos® -cos90°) 
U =— MB cos8) 


In vector notation, we may rewrite this equation as 
n ve 


Therefore, 


‘etic needle is free to oscillate in 
das shown in figure. The magnetic 
eedle is 7.2 A-n® and moment of 


kg-m?. The number of oscillations 
Calculate the magnitude of magnetic 
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particular Cases 


7 on 0=90% 
(i) When sean 


=-MB cos90°=0 ; 
yhen the dipole is perpendicular 0 magne 
Feld: its potential energy 18 2240. 
(ii) When 9=0°, U =-MBcos® | 
= —-MBcos0?= -MB 


an the magnetic dipole is aligned along jy 
SE are ia sable: equilibrium having | 


ic, ¥ 


ie. 5 
magnetic field, it 
minimum potential energy. 
(iii) When 8 = 180°, U = —MBcos® 
=—-MBcos180°= MB 
which is maximum. This is the position of unstable 


equilibrium. 


EXAMPLE [12| A circular coil of 100 turns and have an 
effective radius of 5 cm carries a current of 0.1 A. How 
much work is required to turn it in an external magnetic 
field of 1.5 Wb/m® through 180° about an axis 
perpendicular to the magnetic field? The plane of the coil 
is initially perpendicular to the magnetic field. 
Sol. Given, number of turns, N = 100 
Radius, r= Sem = 005 m 
Current, F=0.1A 
Magnetic field, B=1.5 W/m? 
8, =0°.0, =180° 
Area, A = mr* = 3.14(0,05)'m? 
* Required work done, W = —MB(cos 8, — cos®,) 
= ~(NIA)B{cos 0, ~ cos 6,) | 
1000.13.14 (0.05)? 1.5, (cos 180° cost") 


= ~10%3.14(0.05)' 1.5(-1-1) = 0.24) 


THE ELECTROSTATIC ANALOG 


The magnetic dipole moment of a b. 
M=m(2ly 

where, 

and 2 


ar magnet is given by 


trength of ¢, 
= length of thy 
Magnetic dipole ig 
consisting of wo 
separated by 
Moment, ie 


ach pole 
¢ dipole, 


The m : 
| Tnilogous to an electric dpa 
“qual charges of opposite signs & 
peda pposite signs | 
* certain distance 2a), It has an electric dip 
P=q(2a) 


The equations fo 
= iT May i 
can be obtained fo eet fel 


«dipole 
tonal dB due toa magnetic dip 
mm the equations of electric field E 4° 


an electric dipole by mas 
SB iole by making the following changes, 


agnetism and Matter 


us, for any point on axial line of a bar magnet ata 
pa d(d >>>) from the centre of magnet, 
p, =He 2M. 
4n d* 
Similarly, for any point on equatorial line ofa 
pdistance, for d >>> 
B= HoM 

"4nd? 
The table below shows the analogy between clectri¢ and 
magnetic dipoles. 

The Dipole Analogy 


bar magnet at 


Electrostatics | Magnetism 
Dipole moment _ i Pp M 


Equatorial field forashortdipole -p/4negr? — -wM/ an? 


‘dal field for a short dipole 2p/anes — 2 M/ 4x 
Biiernal field : Torque px MxB 
Biternal field : Energy -p-E -M-B 


MAGNETISM AND GAUSS’ LAW 


The net magnetic flux (pp) through any closed surface is 
dheaysaetoc in § 


This law suggests that the number of magnetic field lines 
laving any closed surface is always equal to the number of 
Magnetic field lines entering it. Suppose a closed surface S is 


ld in a uniform magnetic field B. Consider a small vector 
ea element AS of this surface. Magnetic flux through this 
tea element is defined as, Ab, =B-AS 
Considering all small area elements of the surface, we 

tain net Magnetic flux through the surface as, 


2 =5B-AS=0 
bs E Abs =B 


Comparing this with Gauss’ law in electrostatics, 
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be =f basa 

Is £4 

The difference between the Gauss’s law of magnetism and 

electrostatics is that isolated magnetic poles (also called 
monopoles) does not exist. 


|TOPIC PRACTICE 1 | 


OBJECTIVE Type Questions 


1, Two magnets have the same length and the 
same pole strength. But one of the magnets has 
a small hole at its centre. Then, 
.(a) both have equal magnetic moment 
(b) one with hole has small magnetic moment 
(c) one with hole has large magnetic moment 
(d) one with hole loses magnetism through the hole 


2. Alarge magnet is broken into two pieces so that 
"their lengths are in the ratio 2: 1. The pole 
strengths of the two pieces will have ratio 
(a) 2:1 (b) 1:2 (c) 4:1 (d) 1:4 


3. The intensity of magnetic field at a point X on 
the axis of a small magnet is equal to the field 
intensity at another point Y on equatorial axis. 
‘The ratio of distance of X andY from the centre 
of the magnet will be 


(a) (2)~* (b) (2)7"" 


4. Work done in rotating a bar magnet from 0 to 
angle 120° is 


1 3 
(a) — MB =h MB 
> 5 MB ©) 


(©) 2° (a) 2° 


2 
(d)=MB 
3 


al 


Gauss's law for magnetism is 


(a) the net magnetic flux through any closed surface is 
BAS 


(b) the net magnetic flux through any closed surface is 
E-AS 


(c) the net magnetic flux through any closed surface 
is zero 


(d) Both (a) and (c) 
VERY SHORT ANSWER Type Questions 


6. On what factors does the pole strength of a 
magnet depend? 


7. What is Coulomb's law of magnetic force? 


8, Define magnetic dipole m sment. Also, write its 
SI unit. 
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9. Av, 
. ar i 
oe ts cut into two equal parts as 
the othe, mat (a). One part is now kept over 
inthe ig. or that, the P, is above P, as shown 
If Mii i 
aoe = the magnetic moment of the original 
ote ct, what Would be the magnetic moment 
; ew combination of magnets so formed? 


n| Mees Ip, 
S| sen |Pr 


(b) 
10. 


Acoil of Nturs and radius R carries a current 


1 Itis unwound and rewound to make a square 
coil of side a having same number of turns N. 


Keeping the current I same, find the ratio of the 
magnetic moments of the square coil and the 
circular coil, Delhi 2013, Delhi 2013C 


Why do magnetic lines of force form 
continuous closed loops? 


il. 


SHORT ANSWER Type Questions 


12. Three identical bar magnets are rivetted 
together at centre in the same plane as shown 
in the figure. This system is placed at restin a 
slowly varying magnetic field. It is found that 
the system of magnets does not show any 
motion. The North-South poles of one magnet is 
shown in the figure. Determine the poles of the 


13. 


remaining two. NCERT Exemplar 
N 
Rel 7 
@ Ne 
s 
What happens to a bar magnet if it is cut into 
two pieces 
(i) transverse to its length? 
(ii) along its length? 
State Gauss’s law in magnetism and compare it 


14. 


with Gauss's law in electrostatics, 


15. State w! 


16. 


17. 


18. 


19; 


20. 
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nether the given statement is correc, or 
xplain it. 

field lines of a magnet form 

d loops unlike electric fielq 


incorrect and ¢: 
“The magnetic 
continuous close 
lines.” 

Acircular coil of closely wound Niwas and 
radius r carries a current I. wes e the 
expressions for the following: 

(i) The magnetic field at its one 

(ii) The magnetic moment o! a ica 


d with its axis mak 
Ashort bar magnet place ng 
an angle @ with a uniform external field B, 


experiences a torque t 

(i) What is the magnetic moment of the 
magnet? ; 

(ii) Write the condition of stable equilibrium, 


Asmall compass needle of magnetic moment y 
and moment of inertia / is free to oscillate ina 
magnetic field B. It is slightly disturbed from its 
equilibrium position and then released. Show 
that it executes simple harmonic motion. 
Hence, write the expression for its time period. 
Delhi 2013, 2011C 


Two bar magnets having same geometry with 
magnetic moments M and 2M are placed in 
such.a way that their similar poles are on the 
same side, then its time period of oscillation is 
T,, Now, if the polarity of one of the magnets is 
reversed, then time period of oscillation is Ty 
then find the relation between T, and T. 


Suppose we want to verify the analogy between 
electrostatic and magnetostatic by an explicit 
experiment. Consider the motion of 


@ Slectite dipole p in an electrostatic field £ 


(ii) magnetic di 
Write down 
So that the t 
identical, (A: 
conditions), 


pole M in a magnetic field B. 
4 set of conditions on E, B, PM: 
‘WO motions are verified to be 
Ssume identical initial 
NCERT Exempla? 
pie the following 
W) Is i i 
confessibe to have a magnetic field 
orn mae ration with three poles? 
Gausss mee MOMOPOles existed, how woul 
&W of magnetism be modified? 


ose etism and Matter 


\onG ANSWER Type I Questions 


nD An observer to the left of a solenoid of Nturns 

each of cross-section area A observes that a 
steady current J in it flows in the clockwise 
direction. Depict the magnetic field lines due to 
the solenoid specifying its polarity and show 
that it acts as a bar magnet of magnetic 


moment m = NIA. All India 2015 


i 5 ne 
ac ty DS 
33, Auniform conducting wire of length 12@ and 
resistance R is wound up as a current carrying 
coil in the shape of : 
(i) an equilateral triangle of side a, 
(ii) a square of sides a and 
(iii) a regular hexagon of side a. The coil is 
connected to a voltage source Vp. Find the 
magnetic moment of the coils in each case. 
NCERT Exemplar 


An electron of mass m, revolves around a 
nucleus of charge +Ze. Show that it behaves like 
atiny magnetic dipole. Hence, prove that the 


magnetic moment associated with it is expressed 


E L, where L is the orbital angular 
2m, 


24. 


asp=— 


momentum of the electron. Give the significance 
of negative sign. Delhi 2017 


Verify the Gauss’ law for magnetic field of a 

point dipole of dipole moment M at the origin 

for the surface which is a sphere of radius R. 
NCERT Exemplar 


LONG ANSWER Type II Questions 


26. Derive the expression for 
(i) magnetic field at a point lies on axial line of 
a bar magnet. 
(i) magnetic field at a point lies on equatorial 
line of a bar magnet. 
Also, find the ratio of magnetic fields at the 
axial and equatorial points. 
2, (i) Derive the expression for potential energy of 
a magnetic dipole in a magnetic field. 
(i) Compare the magnetic fields of a bar 
Magnet and a solenoid. 


30. 


3h. 


32. 


33. 
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NUMERICAL PROBLEMS 
28. 


Ashort bar magnet has a magnetic moment of 

0.48 J/T. Give the direction and magnitude of 

the magnetic field produced by the magnet at a 

distance of 10 cm from the centre of the magnet 

on 

(i) the axis, 

(ii) the equatorial lines (normal bisector) of the 
magnet. NCERT 


A short bar magnet of magnetic moment 

5.25x 10°7J/T is placed with its axis 
perpendicular to the earth’s field direction. At 
what distance from the centre of the magnet, 
the resultant field is inclined at 45° with the 
earth's field on (i) its normal bisector and (ii) its 
axis. Magnitude of the earth’s field at the place 
is given to be 0.42 G. Ignore the length of the 
magnet in comparison to the distances 


involved. NCERT 


Aclosely wound solenoid of 800 turns and area 
of cross-section 2.5 x 10“ m? carries a current 
of 3.0 A. If it can be treated as a bar magnet, 


then find its magnetic moment. (2M) 


If the solenoid is treated as a magnet of 
moment (= 0.6 J/T) is free to turn about the 
vertical direction and a uniform horizontal 
magnetic field of 0.25 T is applied, what is the 
magnitude of torque on the solenoid when its 
axis makes an angle of 30° with the direction of 
applied field? NCERT 


Aclosely wound solenoid of 2000 tums and 
area of cross-section 1.6 x 10“ m?, carrying a 
current of 4 A, is suspended through its centre 
allowing it to turn in a horizontal plane. If the 
solenoid is treated as magnet, then 
(i) What is the magnetic moment associated 
with the solenoid? 

(ii) What are the force and torque on the 
solenoid, if a uniform horizontal magnetic 
field of 7.5x10~Tis set up at an angle of 
30° with the axis of the solenoid? NCERT 


Ashort magnet oscillates with a time period 
0.1s at a place, where horizontal magnetic field 
is 24 wT. Adownward current of 18 Ais 
established in a vertical wire 20 cm East of the 
magnet. What will be the new time period of the 
oscillator? 
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4. (b) Work done in rotating a magnet (from angle 04, 


34. 4 F 
A circular coil of 16 tums and radius 10 cm 120°) is given by 
carrying a current of 0.75 A, rests with its plane © an 
normal to an external field of magnitude wef 140 
5.0 <10°°T. The coil is free to turn about an axis 7 of” sindd@ = MB(—cos 0)" 
in its plane perpendicular to the field direction. . 73 
When the coil is turned slightly and released, it = MB(—cos 120° + 080°) => MB(L+>)=— MB 
oscillates about its stable equilibrium with a ee 
frequency of 2.0 s. What is the moment of 5, (c) Gauss’s law for magnetism is the net magnetic fin, 
inertia of the coil about its axis of rotation? through any closed surface is zero. 

NCERT G. The pole strength of a magnet may depend on its 
-section, nature of material. 
35. Iftwo magnets having magnetic moments M ate ara force is inversely 
iA ¢ : 7. Coulomb's law of magnetic force is inversely 
and MY are joined to form a cross (i.e. x). The proportional to the squared distance between the 
combination is suspended freely in a uniform magnetic poles and directly proportional to the produg, 
magnetic field. In equilibrium position, the of magnetic poles. 
magnet having magnetic moment M makes an 8. The magnetic moment of a magnet is a quantity that 
angle @ with the field. Calculate the value of 8. determines the torque, it will experience in an externa 
i : it is A‘m*. 
36. Ashort bar magnet of magnetic moment 4 ae fee Its SI uni i . we 
ae ry e * 5 |. When the bar magnet is cut into two equa! parts, as 

M-= 0.32 J/Tis placed in a uniform magnetic shown in the Fig. (a), B, behaves as Nand P, behaves 


Sand magnetic moment of each part of magnet becom 


field of 0.15 T. If the bar is free to rotate:in the 
M/2, When pole P, is placed over pole P, as shown in 


plane of the field, which orientation would 
correspond to its (i) stable and (ii) unstable Fig. (b), the net magnetic moment of the combinations 
equilibrium? What is the potential energy of the zero, ie Mag | 


magnet in each case? NCERT 2 2 
10. . Ratio of the magnetic moments, 


“TNA, (RP 2 


37. Abar magnet of magnetic moment 1.5 J/T lies 
aligned with the direction of a uniform 
magnetic field of 0.22 T. 

(i) What is the amount of work required by an 


external torque to turn the magnet, so as to 352. 
align its magnetic moment (a) normal to the 11. Magnetic lines of force come out from North pole and 
field direction, (b) opposite to the field enter into the South pole outside the magnet and travels 
direction? from South pole to North pole inside the magnet. So, 
ae 2 magnetic lines of force form closed loop, magnetic 
(ii) What is the torque on the magnet in cases monopoles do not exist, p, magn 


(a) and (b)? NCERT 
Note! et ‘South pole of the magnet is viewed with the 
N S | © of reference inside the magnet would appear as Ne 
| HINTS AND SOLUTIONS pole and simiary, North pole as South pole terete. 


Magnetic lines of force traversed from South pole to North 


1. (b) As, we know, magnetic dipole moment m=m(21), so pola Inside the magnet, 
hole reduces the effective length of the magnet and 12. The sy: 
yneti i ystem of magnets will be i ilibrium, if 
hence magnetic moment reduces. the net force on the system bee in ore equilil orl 
2. (d) Pole strength does not depend on length, is also zero. It will be possitl aia: net eae 
So, strength of the two pieces will remain same, remaining two magnets is ithe te Tiare 
e x 


As, Bs 
Hoem _ MoM _, gizadi = dja. 
4nd? 4nd3 ais bY 


sin 13. In both the cases 
with a North and 
14. Refer to text on p 


( and (ii), we get two magnets: each 
South pole, 


‘age 227, 
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15. The statement is correct. The nu 
leaving a surface is balanced by 
it, The net magnetic flux is zero, 


16. (i) Magnetic field at centre due’ te 


imber of magnetic field lines 
the number of lines entering 


clreular currént carrying 


coil, B= HoNT 
2r 
(i) Magnetic moment, M = NIA = NI(nr?) 


M = Nir? 


where, ris the radius of circular coil... 
space and Nis number of turns. 


17, (i) Refer to text on pages 224 and 225, 
(ii) Refer to text on page 226, 


18, Refer to text on page 225. 
19. Using the formula for time period for magnetic system 


is permeability of free 


I 
T =2n (a) =T«t wi) 


vM 


When similar poles placed at same side, then 
M, = M+ 2M =3M 


1 

So, from Eq. (i), T, «& ——— wei 

4. ay (ii) 

When the polarity of a magnet is reversed, then 
M,=2M-M=M 

So, from Eq. (i), 


Now, on dividing Eq. (ii) by Eq, (iii), we get 
Tr VM 1 _ 
Paar ae 
1, <T, 
Now, suppose that the angle between M and Bis@. 
Torque on magnetic dipole moment M in magnetic field B, 
= MBsin® 
Two motions will be identical, if 
pEsinO = MBsin® 


Hence, 


20, 


- DE = MB 0) 
But E=cB 
Putting this value in Eq. (i), we get 

M 


peB=MB = p= 


aL () Yes 
(i) 2B. AS = mM, 
22 Since, it is gi flows in the clockwise 
, it is given that the current flow: 
direction far an observer on the left side of the solenoid. 


i h pole 
It means that the left face of the solenoid acts as Sout! 
and right face acts as North pole. Inside a bar, the magnetic 
field lines are directed from South to North. 
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Therefore, the magnetic field lines are directed 
from left to right in the solenoid. 
Magnetic moment of a single current carrying loop 
is given by, m’= IA. 
So, magnetic moment of the whole solenoid is 
given by 
m= Nm'= N(IA) 
23. We know that magnetic moment of the coil 
M = NIA, Since, the same wire is used in three 


cases with same potentials, therefore, same current 
flows in three cases. 


| Hints: The different shapes form figures of different 
| area and hence, their magnetic moments vary. 


(i) For an equilateral triangle of side a, 
N =4, as the total wire of length = 12 


Magnetic moment of the coil, 
N=4 
M= Nla=4r (2 | 


=> M=Ia 


(ii) For a square of side a, A = a? 
N =3,as the total wire of length = 12a 
Magnetic moment of the coil, 


N=3 
M = NIA =31 (a) =31 at 
(iii) For a regular hexagon of sides a, 
N = 2,as'the total wire of length = 12a 
Magnetic moment of the coils, 


N=2 
mewtae2i(Be) eae 


J+ Mis in a geometric series. 


24. Refer to text on page 219. 
eL 


In vector form, jt = —= 


2m, 


Here, negative sign indicates that 1 directs away 
from L. 
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25. Li 
et us draw the figure for given situation, 


We have to prove that fB -dS = 0. This is called Gauss’s 
law in magnetisation. 

According to the question, 

Magnetic moment of dipole at origin O is M = ME 

Let P be a point at distance r from O and OP makes an 
angle @ with Z-axis. Component of M along OP = Mcos®. 


Now, the magnetic field induction at P due to dipole of 
M cos @ 


moment M cos 6 is B = a 


From the diagram, ris the radius of sphere with centre at 
O lying in YZ-plane. Take an elementary area dS of the 
surface at P. Then, 

dS = r(rsin® d0)? =r°sin 0 d0P 


2 $B-as=§ He 2 os0 (sind d0#) 
F 


= He. MI™ gsin@.cos@ 48 
4x re + 


Ho M pe sin 2040 = E2. | 
re anr\ 2 ) 


Ho Micosan — cos 0) 
2r 
abo. My-y=0 
4n 2r 


26. (i) Refer to text on pages 222 and 223. 
(ii) Refer to text on page 223. 
27. (i) Refer to text on page 226. 
(ii) Refer to text on page 224, 
28. (i) s Np 
K—10om—4 & 
Refer to Example 7 on page 223. 
‘The direction of magnetic field is from S to N-pole of 
magnet. 
Gi) B—P 


10cm 
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ample 8 on page 223. 


Refer to Ex: f 
of magnetic field is from N to Spay, 


The direction 
magnet. 


29. Given, magnetic moment, 


m= 5.25 * 107 J/T 
Let the resultant magnetic field be Byey- 


tt makes an angle of 45° with B,- 


Direction of 
t the earth 2 
Brot 


By 
4 (Magnatic field) 
P 


“According to the vector analysis, 


Be 
Brot 
as? 
90° 
9 
= meee. 
Bos 90° + B. 
B 
= 125 or B=B a) 
B 


From Eq, (i), we get 


= 042 x10 = Ho. 
4x 7° 


0.42 x 107 


7 1 =0.05 m 

(i) When Point Lies on Axial Line 
Peuthstesultant magnetic field B,., makes an ang 
esa The magnetic field on the axial line & 
ignet at a distance of r from the centre of mag" 


ess" 


By ee 
So 457 
hr —4P B 
Bato 2m oll 


Directio: pee 
n of magnetic field is from Sto N. 
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According to the vector analysis, 


tan 4° = 5’ sin 90° 
BY cos 90° +B, 
= 1-2 ap 


From Eq, (i), we get 
a2 x 1971 = Ho, 2m 
an” 
= 042 x19 = 10 X 2% 5:25 x10? 
EES XP 

r 
10? x 2x5,25 

042 x 107 


es r= 0063 m or 6.3 cm 
30. Given, number of turns, n= 800 


=> P 


= 250 x 107% 


Area of cross-section of solenoid, A= 2.5 107‘ m? 
Current through solenoid, [=3 A 
Magnetic moment of bar magnet, 


M=nlA =800%3x 25x10" 
=06J/T along the axis of the solenoid. 
31. Given, magnetic field, B= 0.25 T 


Angle between magnetic moment and the magnetic 
field, @ = 30° 


Magnetic moment, M = 0.6 J/T 


Torque acting on the solenoid, when it is placed at an 
angle @ with the magnetic field, ! 


T= MB sin 0= 06 x0.25 sin 30° 


= 06%0.25x ; = 0075 N-m 


Thus, the magnitude of torque on the solenoid is 0,075 N-m. 
32. (i) M=1.28 J/7; 

(ii) The force (net) on the solenoid is zero because two 
equal and opposite forces (on each of its poles) are 
acting but their lines of action are parallel, so they 
form a couple thus a torque (nol force) is applied on it, 


N— 


33. 


34. 


, 85, 


36. 
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= 48x10" N-m; refer to Q. 33 on page 240. 
Initially, 


T T 
= dd finally, T’ = 2n |" _ 
T= an) and finaly "aw 


where, B’ = horizontal magnetic field =24T 
and B=magnetic field due to downward conductor 


abo Figur 
4n 
pian A 
T B+B 
T’ 24 
> cua 
O1 18+ 24 
> T’= 0076s 


Given, number of turns of circular coil, n =16 
Radius of circular coil, r=10 em = 0.1m 
Current, | = 0.75 A, frequency, f = 2s 
Magnetic field, B= 5.0 x10? T 
Magnetic moment of the coil, 
M=nlA= 16 x 075 x (0.17. 
= 16x 0.75x 3.14x (0.1)7 
= 0.377 /T 


Frequency of oscillation of the coil, f = = as 
29 


where, | = moment of inertia of the coil. 
Squaring on both sides, we get 
22) MB MB 


0.377 5x 107 
© AX 34x 3.14 2x2 
= 1.2x 10 kg-m® 
Thus, the moment of inertia of the coil 
= 12x 107 kg-m? 


Tf magnet of magnetic moment Mf makes an angle @ 
with the field, then other magnet of magnetic moment 
M¥3 makes an angle (90°~ 6) with the field. 

In equilibrium, 1, = t, 


> MBsin® = Mv3 Bcos® 
= sind _ 5 
cos 0 
=> tan0 = V3 
> 8=60° 


Given, magnetic moment of magnet, Af = 0.32 J/T 


Magnitude of magnetic field, B= 0.15 T 

(i) For stable equilibrium, the angle between magnetic 
moment M and magnetic field B is 6 =0°. 
[- In this position, it will be in a direction parallel to 
the magnetic field, thus no torque will act on it.] 
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‘~The potential energy of the magnet, 
U=-M-B=- MBcos @ 
[ M-B = MB cos 6] 
= —032 x 015 cos 0° 
=-48x107) 
Thus, for the stable equilibrium the potential energy is 
-48x107], . 
(i) For unstable equilibrium, the angle between the 
magnetic moment and magnetic field is 180°. 
(2 At 6 =180°, although torque is zero but if it is 
displaced by small angle d@, then resulting torque 
would not restore it to the original position). 
Potential energy of the magnet, 
U = — MB cos 180° 
=~ 0.32 x 0.15 (-1) 
=48x107 J 
Thus, for the unstable equilibrium, the potential 
energy is 4.8 x10™ J 
37. Given, magnetic moment of magnet, M = 1.5 J/T 
Uniform magnetic field, B = 0.22T 


[TOPIC 2| 
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[e-the magnet lies align 
in the direction of iy 
[+ the magnet is to be aligneg 
normal to the field directigy 
Work done in rotating the magnet from angle®, tog, 
W =~ MB(cos 0, ~ cos 8,) 
15 % 0.22 (€0890° ~ cos0° ) 


3 J 
(b) Angle, 0, = 0° and Q, =180° 
[-: Magnet is to be aligned opposite to the 
direction of fielg 
Work done = - MB (cos @, — cos ®,) 
=~ 15 x 0,22 (cos 180° — cos 0°)= 0.66 J 
(ii) Using the formula of torque, 
t= MBsin® 
(a) When magnetic moment is normal to the field 
0=90° 
T= 1.5. 0.22 sin 90° = 0.33 N-m 
(b) When magnetic moment is opposite to the field 
0=180° 
1=1,50,22 sin 180° =0 


(i) (a) Angle, 0, = 0° 


and 0, = 90° 


Magnetic Properties of Materials 


VARIOUS TERMS RELATED 
TO MAGNETISM 


Various terms related co the magnetism are given below, 


Magnetic Intensity (H) 

The capability of magnetic field 10 magnetise the substance 
is measured in terms of magnetic intensity of the field. The 
magnitude of magnetic intensity may be defined as the 
number of ampere turns flowing round the unit length of 


toroid co produce the magnetic induction By, in the toroid, 
It is denoted by H. 


i) 


where, By = magnetic field inside vacuum 
and [y= 40107 T-mA7 

Its SI unit is Am™'. 

Magnetic intensity is also known as m: 


Re 
magnetic field strength, Bhevsing force and 


Intensity of Magnetisation (J) 


The intensity of magnetisation of a magnetised substance 
represents the degree to which the substance is magnetised. 
Iris defined as the net magnetic moment M developed pet 
unit volume V, when a magnetic specimen is subjected (0 
magnetising field. It is denoted by J, 


Vv 


Its SI unit is Am, Its dimension is (L"'A}and ig isa 
vector quantity, : 
Magnetic Induction (B) 
It is defined: as 
induction crossing 
magnetic substance, 
B isthesum of the 


the number of magnetic lines of 
Per unit area normally through the 
Itis denoted by B. Magnetic induction 


magnetic field By and ick 
Fi and the magnetic 
aoe due to the maghetisation of the substan 

. = Bot Hol = gH +p yf 


a) 
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Magnetic induction is also known as magnetic flux density 
or simply magnetic field, 
or simply 


Is SI unit is T or Whm~, 


Magnetic Susceptibility (Xm) 
Jrisa measure of how easily a substan 
magnetising field. The 
magnetic substance is defin 
magnetisation to the magi 


Ter 


tance is magnetised in a 
Magnetic susceptibility of a 
ied as the ratio of the intensity of 
netic intensity. It is denoted by 


= e(ili) 


Asunits of Hand /are same(Am™~'), therefore it has no unit, 


Magnetic Permeability (11) 


It is a measure of conduction of magnetic field lines 
through a substance. The magnetic permeability of a 
magnetic substance is defined as the ratio of the magnetic 
induction to the magnetic intensity. It is denoted by p. 


a 
a_| 


Its Sf unit is TmA™, 


Relative Magnetic Permeability (1,) 


It is the ratio of the magnetic permeability [tof the 
substance to the permeability of free space. 


—_ 


mM 
== 
Ho 


tis a dimensionless quantity and is equal ro 1 for vacuum, 


The relative magnetic permeability of a substance is 
defined as the ratio of magnetic flux density B in that 
Substance and flux density B, in vacuum in the same field. 


ee 
Mae 
Relation between Relative Magnetic 
cermeability (u,)and Magnetic 
Usceptibility (7%, ) ising ficld, it 
en a sub: is placed in a magnetising Held, 
becomes rigecied He el magnetic flux density 
Within the substance is the flux density that won fae 
Xen produced by the magnetising field in vacuum plus (he 


‘sati e. If 
lux density due to the magnetisation of the aubrane iy 
“the intensity of magnetisation of the substance, 
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definition, the magnetic intensity of the magnetising field is 


given by WF fo B=u,(H +1) 
0 
Bur 1=4,,H 


where, ¥,, is the susceptibility of the substance. 
B=, H(1+7,) 


Again B=WH, where wis the permeability of the 
substance, 


Heng 14%) or Katey, 
0 


1. a 
~~ is the relative permeability 11, 


‘ 1ty, 


Thus, 

The quantity (1+y,,)=p, is the analog of dielectric 
constant in electrostatics and is known as relative magnetic 
permeability. It is a dimensionless quantity. 

The value of magnetic susceptibility is small and positive for 


paramagnetic materials and small and negative for 
diamagnetic materials, 


EXAMPLE |1| The magnetic field 8 and the magnetic 
intensity H in a material are found to be 1.6 T and 
1000 Am", Tespectively. Determine the relative 
permeabilityy., and the susceptibility %m of the material. 
Sol. Magnetic permeability, w= 2 = 
He 1000 
= Lox Tm 
Since, relative magnetic permeability, 


_ iw _ lex? 


q = 0.127 x10" 
Mr Hy anxi07? 


Therefore, susceptibility, x,, =), —1 =1.27 x10" -1 


=> Xm = 1.27 x10" 


EXAMPLE |2{ A solenoid of 600 turns per metre is 
carrying a current of 4 A. Its core is made of iron with 
telative permeability of 5000, Calculate the magnitudes of 
magnetic intensity, intensity of magnetisation and 
magnetic field inside the core. 
Sol. Given, current, !=4A 

Number of turns per unit length, n= 600 

Relative permeability, t, = 5000 


hagnetic intensity, H = al = 600x4 = 2400Am™! 
HEL Xn 
=> Xm =H, -b 


= 5000-1 = 4999 = 5000 
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Here, x,, = magneti 
Xm gnetic susceptibility, 
eit sceptibility, 


of magnetisation can be given as 
Xml = 5000% 2400 
=12x107 Am! 
Therefore, magnetic field, B =}1,11,H 
= 5000 (41 x1077) x 2400 
=15T 


MAGNETIC PROPERTIE 
OF MATERIALS sie 


Materials can be classified as diamagnetic, i 
gnetic, paramagnetic and 
ferromagnetic on the basis of susceptibility (%,»)- 


Ferromagnetic 


Diamagnetic Paramagnetic 
-1£%m<0 0< Xm“ Am?>1 
O<u,<1 H,>>1 
H<Ho H>Ho w>? Ho 


Here, € is a small positive number introduced to quantify 
paramagnetic materials. 


Diamagnetism 
Diamagnetic substances are those eS 
substances which have a tendency to move 
from stronger to the weaker part of the: 
external magnetic field. 
Local 
——— 


When a bar of diamagnetic material is 
placed in an external magnetic field, the 
field lines are repelled or expelled and the-field inside the 
material is reduced. 

Explanation of Dia 


Diamagnetic substances 
resultant magnetic mo! 
When magnetic field is applied, those electrons having 
weet magnetic moment in the same direction slow down 
gad those in opposite directions speed up. This happens 
and shost guced current in accordance with Lenz's law 
Thus, the substance develops a net magnetic moment in the 
Thecrion opposite to thar of the applied field and hence, 
repels. ¢-B- Bismuth, copper lead, silicon, nitrogen 


(ac STP), water and sodium chloride. 


magnetism 
are those substances in which 
ment in an atom is zero. 


4 Meissner Effect 

superconductors exhibit perfect diamagnetism. A 

superconductor repels a magnel and (by Newton's third law) 

is repelled by Ihe magnet. This phenomenon of perfect 

diamagnetism In superconductors 1s called the Meissner 
ducting magnets have been used for running 


effect. Supercon' 
magnetically levitated superfast trains. 
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Paramagnetism 
‘The substances which get weakly magnetised in 4 
 excernal field, when placed in an aint 
paramagnetic substances, The 
move from a region i 
sunetic Field, i. they gr 


direction 0 
magnetic field are called 
tuberances have the tendency to 


weak magnetic field ro strong ma 
jy accracted t0 2 magnet. 

in of paramagnetism 
terial 


weakl 


Explanatio 
The atoms of a paramagnetic mal 
possess a permanent magnetic dipole 
nt of their own. On account 0) 
m motion of the 


etisation is seen. 


mome! 
the ceaseless rando! 


atoms, no net magn 
Bart inathe presence ofan external field 
B,, which is strong enough and ac low temperatures, th 


inlividual atomic dipole moment can be made to align and 
point in che same direction as Bo: 
‘The field lines get concentrated inside the material and the 


field inside is enhanced. 
When placed in a non-uniform magnetic field, de 
paramagnetic material cends to move from weaker part of 


the field to the stronger part. 
sodium, calcium, oxygen (at STP) anda 


eg. Aluminium, 
copper chloride. 


Curie’s Law 

Magnetisarion of a paramagnetic material 

proportional to the absolute temperature (T ), 
B 

r= or equivalently tn = he 


is inversely 


where, C is called Curie’s constant. 
Xn 


Saturation 
region 


é BIT 
: T 


‘The variation of intensity of magnetisations with By! & 
shown in the figure. Ata particular stage, all the vomit 
dipoles present in the specimen align in the direction 
external field and this leads to saturation region. 


Ferromagnetism 

The substances which ger strongly magneised wher pho! 

in an external magnetic field are called ferromagh 

a ae hee have strong tendency to move om 

region eak magnetic field to strong magnetic field 
'Y get strongly attracted to a magnet. 
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curie-Weiss Law 


This describes the magnetic susceptibility y,, of a 


ferromagnet in the paramagnetic region above the Curic 
pin Tei expressed as 


Xm “TT 


she, C is called Curie’s constant, 7° is absolute 
temperature in kelvin and Ty is Curie temperature. 


[eT > Te) 


Explanation of Ferromagnetism 


The atoms in a ferromagnetic material possess a dipole 
momentaligned in a common direction over a macroscopic 
rolume called domain, Each domain has net magnetisarion, 


ANN 


Randomly oriented domains 


When we apply an external magnetic field By, the domains 
orient themselves in the direction of B, and simultaneously 
the domains grow in size. 


Aligned domains 


{n some ferromagnetic materials, the magnetisation persists 
on removal of external magnetic field. Such materials are 
alled hard magnetic materials or hard ferromagnets, e.g. 
ico (an alloy of iron, aluminium, nickel, cobalt and 
Sopper) is one such material which forms permanent 
Magnets to be used among other things as a comps needle. 
hete are some ferromagnetic materials in which the 
Magnetisation disappears on removal of external magnetic 
eld, eg. soft iron. Such materials are called soft magnetic 
Materials or soft ferromagnets. ¢.g. Iron, cobalt, nickel, 
Sidolinium, etc. The relative magnetic permeability of 
tse substances is greater than 1000. 


The ferromagnetic property depends on the temperature. 
ai high temperature, a ferromagnet becomes a paramagnet. 
transition of temperature from ferromap neti 9 
“samagnetism is called the Curie temperature (7) The 
‘“sceptibilicy in the paramagnetic phase is described by 


‘T >To] 
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Curie Temperature T- of 
Some Ferromagnetic Materials 


Material To (kK) 
Cobalt 1394 
Ion 1043 

Ferric oxide - 893 

: Nickel — oat 
- Gadolinium : 37 


EXAMPLE |3| A solenoid having 5000 turns/m carries 
a current of 2A. An aluminium ring at temperature 300K 
inside the solenoid provides the core. 
(a) If the magnetisation J is 2x 107 A/m, find the 
susceptibility of aluminium at 300 K. 


(b) If temperature of the aluminium ting is 320 K, what 
will be the magnetisation? 


Sol. (a) Here, H= 1 = 5000 x 2=10'A/m 
and 1=4H 
I 


X= 


H 


2x10 


= 2x10° 
10" 


(b) According to Curie law, 


= 213 x 10° 
©. Magnetisation at 320 K, 
1=X,H =213x 10" x10" 
23x LOAM 


Hysteresis Curve 


The hysteresis curve represents the relation between the 
magnetic induction B or intensity of magnetisation J of a 
ferromagnetic material with magnetic intensity H. The 
graph shows the behaviour of the material as we take ic 
through one cycle of magnetisation shown in the igure. 


Formation of Hysteresis Curve 


An unmagnetised sample is placed in a solenoid and current 
through the solenoid is increased. The magnetic field B in 
the material rises and saturates as depicted in the curve Oa. 
Next, if H is decreased and reduces to zero. 
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Then, at H =0, B #0 (curve ab) 
The value of B at H =0 is called retentivity. 


Now, the current in the solenoid is reversed and 
slowly increased, we again obtain saturation in the reverse 


direction at d. The value of H atc is called coercivity. From the hystere: 


Now, the current is reduced (curve de), increased, reversed 
(curve ea) . The cycle repeats itself. For a given value of H, B 
is not unique, but depends on previous history of the 
sample. This phenomenon is called hysteresis. 

It is found that the area of hysteresis loop is proportional to 
the net energy absorbed per unit volume by the material, as it 
is taken over a complete cycle of magnetisation, The energy 


Comparative Study of Magnetic Materials 


so, absorbed by the 
energy. Hysteresis loo 
whereas the hysteresi 
shown in the figure. 
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pecimen appears in the form of f, 
ip for soft iron is large and atte, 
is loop for steel is short and yj, 

is loop ide 3, 
Soft iron 


Stee! 


— 


sis loops of soft iron and steel, we say 
(i) Retentivicy of soft iron is greater than thar of sted 
ii) Soft iron is more strongly magnetised than steel 
(iii) Coercivity of soft iron is less than that of steel. 


(iv) As area of hysteresis loop for soft iron is smaller dan 
that for steel, therefore, hysteresis loss im case of sof 
iron is smaller than hat in case of steel. 


Diamagnetic Substances Paramagnetic Substances 


Ferromagnetic Substances 


These substances when placed in a These substances when placed in a magnetic 
magnetic field, acquire feeble magnetism field, acquire feeble magnetism in the direction 
Opposite to the direction of the magnetic of the magnetic field. 

field. x 


u-— 


—H 


cM 


These substances are feebly repelled bya These substances are feebly attracted by a 
magnet. 


When a diamagnetic solution is poured into. The level of the paramagnetic solution in that 


@ U-tube and one arm is placed between arm rises. 
the poles of strong magnet, the level of 
solution in that arm is lowered. 
@|| Io 
Paramagnotic 
wi} solution 
|. Diamagnetic as 
‘solution 


i a rod of diamagnetic material is 
suspended freely between two magnetic 
poles, ils axis becomes perpendicular to 
the magnetic field 


Paramagnetic rod becomes pa 
magnelic field Germietiostne 


NI 


Sees s 


s ae 


“Axis 


In non-uniform magnetic field, the In non-unilorm 
diamagnetic substances are attracted 
towards the weaker fields, ie. they move 
from stronger to weaker magnelic fieid. 


magnetic fiek 
Substances move from weak 


Of the magnetic field slowly ° SMO"Ger pan 


Id, paramagnetic 


These substances when placed in a 
magnetic field are strongly magnetised in 
the direction of the field 
‘H 


[— M 


These substances are strongly attractedby 
a magnet 


No liquid is ferromagnetic. 


Ferromagnetic rad also becomes paral! 
to the magnetic field 


\) sca |S 
a L 
Axis 
ii tnanium acces 
inform magnetic 
lerromagnetic substances move "0" 


weaker {0 stronger magnetic field repia) 
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——~ Diamagnetic Substances 


for permeability is less than one (<1) 
sak eusceptibly is small and negative, 
Treit susceptibility is independent of 


susceptibility is 
remperalure. 


ie tan! 


“gape of diamagnetic liquid in a glass 
cucible and kept over two magnetic Poles. 


Diamagnetic liquid 


D Paramagnotic Substances 


Their susceptibility 


absolute temperature, which is Curlo's law, 


Shape of paramagnetic lig 
crucible and kept over two 


Ferromagnetic Substances 


thet Permeability is slightly greater than one Their permeability is much greater than one 
1 >1) 


(u>>1) soe 


\y 's small and positive, Their 


Their susceptibility is large and positive. 
inversely _ proportional 


to They follow Curie-Weiss law, when heated 
above Curie's temperature (T, } 
1 


ie. 


Yn 5 
At Curie temperature, ferromagnetic 
Substances change into paramagnetic 
— Substances, 


wid in a glass No liquid is ferromagnetic. 
magnetic poles, 


Paramagnetic liquid 


in these substances, the magnetic field 
fines are farther than in air, 
Tre resultant magnetic moment of 


substances is zero. moment. 


In these substances, the Magnetic field lines 
are closer than in air. 


these These substances have a permanent magnetic 


Ss 


In these substances, the magnetic field 
lines are much closer than in air. 


‘These substances also have @ permanent 
magnetic moment. 


| TOPIC PRACTICE 2| 


OBJECTIVE Type Questions 


1. The variation of magnetic susceptibility (x) 


with temperature for a diamagnetic 
substance is best represented by figure 


() { (b) 
a ™— i) 7— 
{ 

we i= 
O} = (d) oO} 


The relative permeability of a substance X is 
Slightly less than unity and that of — 
Substance Y’ is slightly more than unity, then 
a) Xis Paramagnetic and Y is ferromagnetic 

X is diamagnetic and Y is ferromagnetic 
©) Xandy both are paramagnetic : 

X is diamagnetic and Y is paramagnetic 


VERY SHORT ANSWER Type Question 


3. In what way, the behaviour of a diamagnetic material 
is different from that of a paramagnetic, when kept in 
an external magnetic field? 

All India 2016 
SHORT ANSWER Type Questions 


ca 


From molecular view point, discuss the temperature 
dependence of susceptibility for diamagnetism, 
paramagnetism and ferromagnetism. NCERT Exemplar 
Show diagrammatically the behaviour of magnetic 
field lines in the presence of 

(i) paramagnetic and All India 2014 


(ii) diamagnetic substances. How does one explain 
this distinguishing feature? 


Out of the two magnetic materials, A has relative 
permeability slightly greater than unity while B has 
Jess than unity, Identify the nature of the materials 4 
and B, Will their susceptibilities be positive or 
negative? Delhi 2014 
A ball of superconducting material is dipped in liquid 
nitrogen and placed near a bar magnet. 

(i) In which direction will it move? 


{ii) What will be the direction of its magnetic 
moment? NCERT Exemplar 
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8. Explain quantitatively the order of magnitude 
difference between the diamagnetic 
susceptibility of N, (~ 5x10°°) (at STP) and 


ae 5 
Cu(~10™). NCERT Exemplar 


9. (i) How does a diamagnetic material behave 
when it is cooled at very low temperature? 
(ii) Why does a paramagnetic sample display 


greater magnetisation when cooled? Explain. 
Delhi 2012 


10. The susceptibility of a magnetic material is 
0.9853. Identify the type of magnetic material. 
Draw the modification of the field pattern on 
keeping a piece of this material in a uniform 
magnetic field. CBSE 2018 


11. Out of the following, identify the materials 
which can be classified as 
(i) paramagnetic 
(ii) diamagnetic 
(a) Aluminium 
(c) Copper 


LONG ANSWER Type I Questions 


12. - Three identical specimens of a magnetic 
material, nickel, antimony, aluminium are kept 
jn a non-uniform magnetic field. Draw the 
modification in the field lines in each case. 
Justify your answer. Delhi 2011 


13. Answer the following questions: 

(i) Why does a paramagnetic sample display 
greater magnetisation {for the same 
magnetising field) when cooled? 

(ii) If a toroid uses bismuth for its core, then will 
the field in the core be (slightly) greater or 
(slightly) less than when the core is empty? 

(iii) Is the permeability of a ferromagnetic 
material independent of the magnetic field? 
If not, is it more for lower or higher fields? 

(iv) Magnetic field lines are always nearly 
normal to the surface of a ferromagnet al 
every point. (This fact is analogous to the 
static electric field lines being normal to the 
surface of a conductor at every point.) Why? 

(v) Would the maximum possible magnetisation 
of a paramagnetic sample be of the same 
order of magnitude as the magnetisation of a 
ferromagnet? NCERT 


(b) Bismuth 
(d) Sodium 
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14, Answer the following questions. 

(i) Explain qualitatively on the basis of domaj 
picture the — irreversibility in in 
magnetisation curve of a ferromagnet, 

(ji) The hysteresis loop of a soft iron piece has, 
much smaller area than that of a carbo, 
steel piece. If the material is to go through 
repeated cycles of magnetisation, which 
piece will dissipate greater heat energy? 

(iii) A system displaying a hysteresis loop such 
as a ferromagnet, is a device for storin, 
memory. Explain the meaning of this 
statement. 

(iv) What kind of ferromagnetic material is used 
for coating magnetic tapes in a cassette 
player or for building ‘memory stores’ in 2 
modern computer? 

(v) A certain region of space is to be shielded 
from magnetic fields. Suggest a method. 

NCERT 


the 


15. Abar magnet of magnetic moment 6 J/Tis 
aligned at 60° with a uniform external magnetic 
field of 0.44 T. Calculate (a) the work done in 
turning the magnet to align its magnetic 
moment (i) normal to the magnetic field, (ii) 
opposite to the magnetic field, and (b) the 
torque on the magnet in the final orientation in 
case (ii). CBSE 2018 


16. When two materials are placed in an external 
magnetic field, the behaviour of magnetic field 
lines is as shown in the figure. Identify the 
magnetic nature of each of these two materials. 

Delhi 2009C 


——a 


=t 
or 
x ta 


17. Asample of paramagnetic salt contains 2x10" 
atomic dipoles, each of dipole moment 
15x10 J/T. The sample is placed under # 
homogenous magnetic field of 0.84 T and 
cooled to a temperature of 4.2 K. The degre 
magnetic saturation achieved is equal to 15* 
What will be the total dipole moment of the 
sample for a magnetic field of 0.98 Tand a4 
temperature of 28 K? Neen | 


eof 


sregnetism and Matter 


10NG ANSWER Type IT Question 


8, (i) Discuss briefly electron theory of magnetism 
18. for diamagnetic and paramagnetic materials, 


ji) Give two methods to destroy the magnetism 
of a magnet. 


NUMERICAL PROBLEMS 


19. ifthe bar magnet in Q. 14 is turned around by 
180°, where will the new null points be located? 


NCERT 
70, Ashort bar magnet placed in a horizontal plane 
hasits axis aligned along the magnetic 
North-South direction. Null points are found on 
the axis of the magnet at 14 cm from the centre 
of the magnet. The earth’s magnetic field at the 
place is 0.36 gauss and the angle of dip is zero. 


What is the total magnetic field on the normal 
bisector of the magnet at the same distance as 
the null point (i.e. 14 cm) from the centre of the 
magnet? (At null points, field due to a magnet is 
equal and opposite to the horizontal 

component of the earth's magnetic field.) NCERT 


| HINTS AND SOLUTIONS 


L @) For diamagnetic substances, the magnetic 
susceptibility is negative, and it is independent of 
temperature. Therefore, choice (d) is correct in figure. 


t 


x0 


n 


(@) Asp, <1 for substance X, it must be diamagnetic 
and, >1 for substance Y, is must be paramagnetic, 
When Paramagnetic materials are placed in external 
Magnetic field, these are fecbly magnetised in the 
Mirection of the applied external magnetic field whereas 
' case of diamagnetic materials, these are feebly - 
qugnetised opposite to that of applied external magnetic 
lield, 


T : 
Suscepribility of magnetic material = FF where | is 


the intensity of magnetisation induced in the material 
and H is the magnetising force. 
lamagnetism is due to orbital motion of electrons in an 
m developing magnetic moments opposite lo applied 
fet Thus, the resultant magnetic moment of the 
"amagnetic material is zero and hence, the 


@ 


10. 


24) 


susceptibility ¥ of diamagnetic material is not much 
affected by temperature. 

Paramagnetism and ferromagnetism is due to alignment 
of atomic magnetic moments in the direction of the 
applied field. As temperature is raised, the alignment is 
disturbed, resulting decrease in susceptibility of both 
with increase in temperature. 

Refer to page 236 for diagram. 


Magnetic permeability of paramagnetic substance is 
more than air, so it allows more lines to pass through it 
while permeability of diamagnetic substance is Jess than 
air, so it does not allow lines to pass through it. Thus, 
diamagnetic substances expel magnetic field lines, while 
paramagnetic substances attract them. 


. The nature of the material A is paramagnetic and its 


susceptibility 7, is positive. 


‘The nature of the material B is diamagnetic and its 
susceptibility 7,, is negative. 


Both a superconducting material and nitrogen are 
diamagnetic in nature. When a ball of superconducting 
material is dipped in liquid nitrogen, it behaves as 2 
diamagnetic material. When placed near a bar magnet, it 
will be feebly magnetised opposite to the direction of 
magnetising field. 

Because of this, (i) it will be repelled (Le. move away 
from magnet) (ii) the direction of magnetic moment will 


be opposite to the direction of magnetic field of bar 
magnet. 


» Here, X q(x) = 5X10” and Xqicyy = 10 


Km ino 


= 5x10 
Xm Cw 
M_M 
As, Xm Tre a 
HV Hm 
where, M-= magnetic moment 
V = volume, m = mass and p = density 
A} 
Yn & Ps for given value of ML 
Hm 
Thus, Loxiot 


Pou 


Xm(cuy 


. (i) As, the resistance (electrical of metal decreases with 


decrease in temperature. 

But for diamagnetic substances, the variation of 
susceptibility is very small (<x, <e)} ie. 
diamagnetic materials are unattected by the change in 
temperature (except bismuth). 

(ii) Paramagnetic materials when cooled due to thermal 
agitation tendency alignment of magnetic dipoles 
decreases. Hence, they shows greater magnetisation, 

Given, susceptibility, x,, = 09853 


As the susceptibility of material is positive but small. 
«The material is paramagnetic in nature. For 
paramagnetic material, magnetic lines of external 
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magnetic field will passes through the material without 
much deviation, when it is placed in between magnetic 
poles. 

The modification of the field pattern is shown in the 
following figure. 


Bo 


‘UL. (i) Paramagnetic substance Aluminium, sodium 
(i) Diamagnetic substance Bismuth, copper, 


the susceptibility of the diamagnetic materials is small 
¢. -1< %p <0, whereas for paramagnetic 
substance the susceptibility is small and positive, ic. 


and negativ 


0< Yq <a, where a is a small number. 


wz 
a 


Antimony 


Aluminium 


aaa 


The modification in the field lines shown in the figure are 
as such because 
(i) nickel is a ferromagnetic substance. 
(i) antimony is a diamagnetic substance. 
(iii) aluminium is a paramagnetic substance. 
Refer to text on pages 236 and 237. 


13. (i) A paramagnetic sample displays greater magnetisation 
when cooled because at the lower temperatures, the 
tendency to disrupt the alignment of magnetic dipoles 
decreases due to the reduced random thermal motion 
of atoms or molecules. 

(ii) Bismuth is a diamagnetic element, so the magnelic field 
in the core will be slightly less than when the core is 
empty, because the diamagnetic substances are 
feebly magnetised in the opposite direction of magnetic 
field. 

(iii) No, the permeability of a ferromagnetic material is not 
independent of the magnetic fields. By observing the 
hysteresis curve, the value of permeability is @realer for 
lower fields. 

(iv) The magnetic field lines are always nearly normal to the 
surface of a ferromagnet at every point because the 
value of permeability for ferromagnetic substance is 
always greater than 1 (4 >>1). It is based on the 
conditions of B and Hat the interface of two media in the 
hysteresis curve. 

(v) Yes, the maximum possible magnetisation of a 
paramagnetic sample will be of the same order of 
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magnitude as the magnetisation ofa ferromagney 
Although, the condition of saturation for 7 
paramagnets, requires very high magnetising 
fields which cannot be achieved. 

14. (i) To explain qualitatively the domain picture OF the 
irreversibility in the magnetisation curve of a 
ferromagnet, we draw the hysteresis curve j¢ 
ferromagnetic substance. We can observe that the 
magnetisation persists even when the external filg 
is removed. This gives the idea of irreversibility 
ferromagnet. 

(ii) As we know that, in hysteresis curve, the ene, 
dissipated per cycle is directly proportional to the 
area of hysteresis loop. So, a according to the 
question, the area of hysteresis loop is more for 
carbon steel, thus carbon steel piece will dissipate 
greater heat energy. 

(iii) The magnetisation of a ferromagnet depends rot 
only on the magnetising field, but also on the 
history of magnetisation (i.e. how many times it 
was already magnetised in the past). Thus, the 
value of magnetisation of a specimen is a record of 
memory of the cycles of magnetisation, it had 
undergone. The system displaying such a 
hysteresis loop can thus act as a device for storing 
memory. 

(iv) The ferromagnetic materials which are used for 
coating magnetic tapes in a cassette player or for 
building memory stores in the modern computer 
are ferrites. The most commonly ferrites used are 
MaPe,0,, FeFe,O,, CoFe,O,, NiFeO, 

(v) To shield any space from magnetic field, surround 
the space with soft iron ring. As the magnetic field 
lines will be drawn into the ring, the enclosed 
region will become free of magnetic field. 

15. (a) Given, magnetic moment, Af = 6 J/T 
Aligned angle, 0, = 60° 
External magnetic field,B = 044 T 

(i) When the bar magnet is lign normal to the 
magnetic field, ie. 90° 
+: Amount of work done in turning the magne! 
W =~ MB(cos0, - cos0,) 
=~ 6 X 044 (cos 90° ~ cos 60°) 
cos 90° = 


2 es cos 60° = ,] 


+ 6% 04d x 


=132) 
Gi) When the bar magnet align opposite to the 
magnetic field, ie. 0, =180° 
+. W =~ MB (cos 180° - cos 60°) 


=-6x 044 (-1- Je cos180° =!) 


=6x044 x3 =396) 


(b) We know that, torque, 


T=MXB = MBsin@ 


For case (ii), @=180° 
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t= MBsin180° 
0 


:. Amount of torque is zero for case (ii), 


‘) Material X is paramagneti 
16. (i) Mate netic substance, W! 

specimen of a paramagnetic substance is a x 
magnetising field, the lines of force Prefer’ to pass 
through He soeinen tather than through air, Thus, 
magnetic induction inside the sample i han the 
A nica iple is more than the 

(i) Material Y is ferromagnetic substance, These are the 
substances in which a strong magnetism is produced 
in the same direction as the applied magnetic field, 
these are strongly attracted by a magnet, exhibits 
highly concentrated lines of force. 


(e sint80° = 0) 


Ii. According to Curie’s law, y,, = © 


T 
As magnetic susceptibility, y,, = z 
> I= Ae and H= B 
v HM 
MV _C 
Bh OT 
cv (2) 
> =—|— 
pw AT 


Fora given sample, CV / = constant 
Thus, M= (2) 


T 
or i 
M,  B,/T, 
Given, B, = 084 T, B, =098T 
=4.2K, T, = 28K 
Thus, Mi _ 084/4.2 _ 4 
M, 098/28 7 


Initial total magnetic moment of the sample, 
M = 15% of (2x10)(1.5x10™ )=45J/T 


Thus, M, = (E}ss =79J/T 


"8. () Refer to text on page 236. 
(i) We can destroy the magnetis 
(a) by heating it. 
(0) by applying magnetic 
b direction. 

* When a bar magnet is turned by 180°, 
Points are obtained on the equatorial ine» y 
So, magnetic field on the equatorial line at a dista 
iS given by 


ism of a magnet 


field across it in reverse 


20. 
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proto M 


4nd” 


This magnetic field is equal to the horizontal component 
of the earth's magnetic field, 


B=. =H Ai) 


As we know that, 


Magnetic field, «lii) 
From Eqs. (i) and (ii), we get 
By Ba 2M 
4n d° 4m d? 
or eS 
Pe 
fl 3 
pe Pie [- d=14 cm] 
a2 
or d’=——=11.1em 


Thus, the null points are located on the equatorial line at 

a distance of 11.1 cm. 

Distance of the null point from the centre of magnet, 
d=l4em =0.1¢m 

The earth's magnetic field, where the angle of dip is zero, 

is the horizontal component of the earth's magnetic field 

ie. H = 0.36 gauss 


Initially, the null points are on the axis of the magnet. 
We use the formula of magnetic field on axial line 


(consider that the magnet is short in length). 


atte 2M 
aes P 
This magnetic field is equal to the horizontal component 
of the earth's magnetic field. 
ally 2M 

ie. Rat i) 
On the equatorial line of magnet at same distance d 
magnetic field due to the magnet, 
te MBL r 

* Vand’ 2 2 
The total magnetic field on equatorial line at this point 
(as given in question), 


B= Bt B= 


oH 
2 


=3y=Sxoae 
2 2 
= 0.54 gauss 
‘The direction of magnetic field is in the direction of 
earth’s field. 


SUMMARY 


* The phenomenon of attraction of small bits of iron, steel, 
cobalt, nickel, etc., towards the ore is called magnetism. 

= Magnetic materials tend to point in the North-South direction. 
Like magnetic poles repel and unlike poles attract each other. 

* Cutting a bar magnet creates two smaller magnets. Therefore, 
magnetic poles cannot be separated, i.e. magnetic monopole 
does not exist. 


+ Force between two magnetic poles is given by, F = A™#@ 


where k is magnetic in constant and isgiven by 
k= =107 


* The magnetic dipole moment of a magnetic dipole is given by 
M=mx2l 
where, mis pole strength and2/is dipole length directed fromS 
toN. The SI unit of magnetic dipole moment is A-m? or JT~" Itis 
a vector quantity and its direction is from South pole to North 
pote. 

* Magnetic Dipole is defined as two magnetic poles of equal 
and opposite strengths separated by a small distance, e.g. bar 
magnet, compass needle, etc. 

* The Magnetic Field Lines These are the imaginary lines 
which continuously represent the direction of magnetic field. 

* Magnetic Field Strength at a Point due to Bar Magnet The 
force experienced by a hypothetical unit North pole placed at 
that point 

() When Point Lies on Axial Line of Bar Magnet In this 
Hoel 

4K ( i 

(i) When Point Lies on Equatorial Line of a Bar Magnet In 

this case, B = 


case. B= 


——_ oat 
4n(d? +)? 


* Torque on a bar magnet in a uniform magnetic field is 


t=MBsin@ =MxB 


Oscillation of a Freely Suspended Magnet The Oscillations 
ofa freely suspended magnet (magnetic dipole) in a Unitorry, 
magnetic field are SHM. 


T 
The time period of oscillation, T = ean 


Potential energy of a magnetic dipole in a magnetic fieldis 
given by U,=-MBcos@ =-M-B 

where, 6 is the angle between Mand B, 

Magnetism and Gauss’ Law The number of magnetic fietg 
lines leaving any closed surface is always equal fo the number 
of magnetic field lines entering it 


Magnetic Intensity ie. H= a 
0 


siz 


Intensity of Magnetisation i.e. I= 


Magnetic Induction (8) i.e. B="9(H+1) 
Magnetic Susceptibility ie. y,, =I/H 

Magnetic Permeability i.e. 1 =(B/H). 

Relative Magnetic Permeability ie. 1, = (t/t) 


Relation between Relative Permeability (u,) and Magnetic 
Susceptibility (y,,,) ILis given by, t, =1+ 45 
| 


Magnetic materials are broadly classified as diamagnetic, 
Paramagnetic and ferromagnetic. For diamagnetic materials. 
is negative and small and for paramagnetic materials, itis 
posilive and small, 

The magnetic susceptibility of a ferromagnetic materials vanes 


as Xn © OF Xm = 


1 
7 -T) T-%) 
where, Cis a constant. It is known as Curie-Weiss law andl 
is called Curie temperature. 


CHAPTER 
PRACTICE 


oBJECTIVE Type Questions 


{, Cutting a bar magnet in halfis like cuttingya 
solenoid, such that we get two smaller 
solenoids with 
(a) weaker magnetic properties 
(b) strong magnetic properties 
(c) constant magnetic properties 
(d) Both (a) and (6) 


2, Abar magnet of length 3 cm has points A and B 
along axis at a distance of 24 cm and 48 cm on 
the opposite ends. Ratio of magnetic fields at 
these points will be 


24cm 48cm 
A “B 
eo 
3om 
@8 — (b) 3 () 4 (a) av 


3, Ashort bar magnet placed with its axis at 30° 
with an external field of 800 G experiences a 
torque of 0.016 Nm. The magnetic moment of 
the magnet is 
(a) 4 Am? 

() 2 Am? 


(b) 0.5 Am? 
(d) 0.40 Am? 


4, Abar magnet has magnetic dipole moment M. 
Its initial position is parallel to the direction of 
uniform magnetic field B. In this position, the 
Magnitudes of torque and force acting on it, 


Tespectively are CBSE 2021 Term-I 
(2) 0 and MB (b) MB and MB 
(c)oando (4)|MxB]and 0 


5 Ifa diamagnetic substance is brought near the 
North or the South-pole of a bar magnet, then it 
is i 


(a) attracted by the both poles 

() repelled by both the poles 

©) repelled by the North-pole and attracted by the 
South-pole 


) attracted by the North-pole and repelled by the 
South-pole 


6. Ferromagnetism show their properties due to 
(a) filled inner subshells 
(b) vacant inner subshells 
(c) partially filled inner subshells 
(d) all the subshells equally filled 


7. The relative permeability of a substance is 
0.9999. The nature of substance will be 
(a) diamagnetic 
(b) paramagnetic 
(c) magnetic moment 
(d) intensity of magnetic field 


8. Hysteresis loss is minimised by using 
(a) alloy of steel 
(b) shell type of core 
(c) thick wire which has low resistance 
(d) metal 


ASSERTION AND REASON 


Directions (Q. Nos. 9-19) In the following 
questions; two statements are given- one labeled 
Assertion (A) and the other labelled Reason (R). 
Select the correct answer to these questions from 
the codes (a), (b), (c) and (d) as given below 
{a) Both Assertion and Reason are true and Reason is 
the correct explanation of Assertion. 
(b) Both Assertion and Reason are true but Reason is 
not the correct explanation of Assertion. 
(c) Assertion is true but Reason is false. 
(d) Assertion is false but Reason is true. 


9. Assertion The true geographic North direction 
cannot be found by using a compass needle. 
Reason The magnetic meridian of the earth is 
along the axis of rotation of the earth, 

10. Assertion The axis of the dipole does not 
coincide with the axis of rotation of the earth 
but is presently tilted by approximately 113° 
with respect to the later, 

Reason The magnetic poles are located where 
the magnetic field lines due to the dipole enter or 
leave the earth. 
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i. 


12. 


13. 


14. 


15. 


Consider the figure, 

Assertion Unlike in the case of bar magnet, the 
field lines go into the earth at the North 
magnetic pole (N’,,) and come out from the 
South magnetic pole (S,,). 

Reason The magnetic North was the direction to 
which the North-pole of a magnetic needle pointed; 
the North-pole of a magnet was so named as it was 
the North seeking pole. 


Assertion A magnetic needle, which is free to 
swing horizontally, would lie in the magnetic 
meridian and the North-pole of the needle 
would point towards the magnetic North-pole. 
Reason The line joining the magnetic poles is 
tilted with respect to the geographic axis of the 
earth, the magnetic meridian at a point makes 
angle with the geographic meridian. 


Assertion When magnetic field is applied to a 
diamagnetic substance, those electrons having 
orbital magnetic moment in the same direction 
slow down and those in the opposite direction 
speed up. 

Reason This happens due to induced current in 
accordance with Lenz's law and the substance 
develops a net magnetic moment in direction 
opposite to that of the applied field and hence 
repulsion. 


Assertion Susceptibility is defined or the ratio 
of intensity of magnetisation / to magnetic 
intensity H. 

Reason Greater the value of susceptibility 
smaller value of intensity magnetisation J, 
Assertion The pole of magnet cannot be 
separated by breaking into two pieces, 


Reason The magnetic moment will b 
e rex 
to half when a magnet is broken into nated 


4 twe 
pieces. eo 
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nXSubstances which at gg, 


or 
tain their ferromagnetic Proper, 
d of time are called Permaneny 


16. Assertio 
temperature re! 


for a long perio 


magnets. 
Reason Permanent magnet can be made 4, 


placing a ferromagnetic rod in a solenoid and 
passing current through it. 


17. Assertion Ferromagnetic substances are those 
which gets strongly magnetised when placed i, 


an external magnetic field. ; 
Reason The individual atoms (or ions or 


molecules) in a ferromagnetic material possess 
a dipole moment as in a paramagnetic materia) 

18. Assertion A paramagnetic sample displays 
greater magnetisation (for the same 


magnetising field) when cooled. 
Reason The magnetisation does not depends 


on temperature. 


19. 


Assertion The poles of a bar magnet cannot be 
separated, 
Reason Magnetic monopoles do not exist. 


CASE BASED QUESTIONS 


Directions (Q.No. 20) This question is case study 
based question. Attempt any 4 sub-parts from this 
question. Each question carries 1 mark. 


20. Dipole in Magnetic Fields 
To determine the magnitude of B accurately, 4 
small compass needle of known magnetic 
moment mand moment of inertia Jis allowedt? 


oscillate in the magnetic field. This arrangement 
is shown in figure. 


(i) The torque on the needle is 
(a) t= 2m xB (b) t 

; (c) t=m x B/2 (d) t= 

(ii) Which of the following represents a simp! 
harmonic motion? 


() 28_ mB 
aed 
(a £8 _ ms 


i goetism and Matter 
( 


ai) Te time period of oscillation of the dipole is 


| 
/  @ n[% ® an 
| mB 2mB 
4n Be ! 
(4m @ ae ft 


(iv) The magnitude of the magnetic field if time 
period is T is 


4n°T 2 

(@) B=— pe 2tt 
aT mT? 

f 2 
@ B= @ p=281 
2mT 2mT? 


(v) The magnetic potential energy U,, is given 
by 


(©) U, =2m-B 
@ U,, =-2m-B 


VERY SHORT ANSWER Type Questions 


21. Name the physical quantity having unit J/T. 
CBSE Sample Paper 

22. What is the basic difference between magnetic 
and electric field lines? 

23, Ina submarine, a compass becomes ineffective. 
Why? 

24, Why is diamagnetism almost independent of 
temperature? _ 

35, Ifatoroid uses bismuth for its core, will the 
field in the core be (slightly) greater or (slightly) 
less than when the core is empty? 

26. One cannot write the proportionality B= iH for 
the ferromagnets. Comment. 

a, “Alkali halides are diamagnetic rather than 
paramagnetic.” Explain why? 

2%, The magnetic susceptibility of magnesium at 
300K is 12x10°, At what temperature will its 
Magnetic susceptibility become 144 x10°? 

[CBSE 2019] 

eX) , 

i; The magnetic susceptibility of x of a given 


material is -0.5. Identify the magnetic material. 
* [CSBE 2019) 
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SHORT ANSWER Type Questions 


30. What is the net magnetic moment of two 
identical magnets each of magnetic moment ly 
inclined at 60° with each other? 


31. What are the magnetic field lines? State their 
properties. Why two such lines do not intersect 
each other? 


32. Awire of length L is bent in the form of a circle 
of radius R and carries current J. What is its 
magnetic moment? 


33. Derive an expression for the torque acting on 2 
bar magnet placed in the uniform magnetic field. 


34, Suppose you have two bars of identical 
dimensions, one made of paramagnetic 
substance and the another of diamagnetic 
substance. If you place these bars along a 
uniform magnetic field, show diagrammatically, 
what modifications in the field pattern would 
take place in each case? 


LONG ANSWER Type I Questions 


35. (a) State Gauss’s law for magnetism. Explain its 
significance. 
(b) Write the four important properties of the 
magnetic field lines due to a bar magnet. 
(CBSE 2019] 


36. Write three points of differences between para-, 
dia- and ferro- magnetic materials, giving one 
example for each. (CBSE 2019] 

37. Define magnetic susceptibility of a material. 
Name two elements, one having positive 
susceptibility and the other having negative 
susceptibility. What does negative susceptibility 
signify? 

38. Draw a plot showing the variation of intensity 
of magnetisation with the applied magnetic 
field intensity for bismuth. Under what 
condition does a diamagnetic material exhibit 
perfect conductivity and perfect diamagnetism? 


39, Explain the following: 
(i) Diamagnetism is the result of induced 
magnetic dipole moments. 
(ii) Hysteresis associated with a loss in 
electromagnetic energy. 
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40. Explain the 


Phenomenon of hysteresis in 
Magnetic m, 


sheen aterials. Draw a hysteresis loop 
ing remanence and coercive force. 


LONG ANSWER Type II Question 


4H. (i) Abar magnet of magnetic moment M is 
aligned Parallel to the direction of a 
Uniform magnetic field B. What is the 
Work done, to turn the magnets, so as to 
align its magnetic moment 
(a) opposite to field direction and 
(b) normai to field direction? 

(ii) Steel is preferred for making permanent 

magnets, whereas soft iron is preferred for 
making electromagnets, Give one reason. 


NUMERICAL PROBLEMS 


42. Calculate the magnetic induction at a point 
4cm from the centre and along the equator-of a 
bar magnet of length 6 cm and magnetic 
moment 0.26 A-m?, 


43. Abar magnet of length 0.1 m and a pole 
strength 10~ A-m is placed in a magnetic field 
of 30 Wb/m’ at an angle 30°. Determine the 
couple acting on it. 


| ANSWERS | 


L (a) 3. @ 
6. 8. @ 


9. (€) A compass is simply a needle shaped magnet that 
mounted so that it can rotate freely about a vertical axis, 
When it is held in a horizontal plane, the North-pole end 
of the needle points, generally, towards the geomagnetic 
North-pole (really a South magnetic pole). Thus, true 
geographic North direction cannot be found by using a 
compass needle. Now, vertical plane passing through the 
magnetic axis of earth's magnet is called magnetic 
meridian. 

1 a If one looks at the magnetic field lines of the earth 

. es that unlike in the case of a bar magnet, the field 
ine ee into the earth at the North magnetic pole (N,, ) 
ee out from the South magnetic pole (S,,). 
a convention arose because the magnetic North was 
the direction to which the North-pole of a magnetic 

‘edie pointed: the North-pole of a, magnet was 50 
reed os it was the North seeking pole, 


2. (a) 4) 5. 


7. (a) 


name 
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the North magnetic pole behaves jy. 


‘Thus, in reality. OOS yr magnet inside the earth ang 


the South-pole of a 
vice-versa. wasn duns 
needle which is free to swing, 
12, (1) A aire ould, lie in the magnetic meridian andi 


vontally wol 
aan the needle would point towards the 
jorth- 


agnetic North-pole. : : 
ee tiie joining the magnelic poles is tilted with Fespecy 
i th : eographic axis of the Earth, the magnetic 
10 radian at a point makes angle with the geographic 


meridian. 
- (o) _ : 
i 8 From the relation, susceptibility of the material is 
4 xy 1=%qH 
H 
it is obvious that greater the value of 
acoubiiig ofa tattle greater will be the value of 


Ln = 


fntenay of magnelisaion Le, more easly i cn be 
magnetised. 
15. (b) 16. (b) 
17. (2) . 18. (6) 19. (a) 
20. (i) (6) The torque on the needle is 
tT=mxB 


Magnitude of torque, T= mB sin © 
‘Gi) (a) Torque on the needle 
t= mBsin® 


Here, tis restoring torque and @ is the angle between 
m and B. 


Therefore, in equilibrium 1 ° — mB sin ® 


Negative sign with mB sin @ implies that restoring 
torque is in opposition to deflecting torque. For small 
values of @ in radians, we approximate sin @ = 8 and 
we gel 
40 2 
1S =~ mBe or £9 __ By 
dt dt I 
, This represents a simple harmonic motion. 
(iii) (@ The square of the angular frequency is 
"= mB/IT and the time period, 


7 2 
Tsan | aan 
Ving ° mT? 
; : 
@) (@) The magnitude of the magnetic fela ie B= 2%! 


mT” 


‘genetic potential energy 4 
ines similar to electrostati¢ 


©) (@) An expression for ma 
also be obtained on Ii 
Potential energy, 
The magnet 


‘le potential energy U,, is given by 


Yn = J 2) d0= [mB sin 


= (~ mB cos 6)=- m-B 


Magnetism and Matter 


gj, The torque acting on a bar magnet placed in a uniform 
* smagnetic field is 
T=MxB 
where, M is the magnetic dipole moment and Bis the 
magnetic field. 


> Me = Joule ())/TeslatT) 


+. Magnetic dipole moment (M) has unit of J/T. 

92. The magnetic field lines form continuous closed loops, 
whereas the electric field lines begin from a positive 
charge and end on the negative charge or escape to 
infinily. 

93. The body of a submarine is made of steel and other 
magnetic substances which causes the compass needle 
to deviate from the magnetic meridian. 

24. Diamagnetism is independent of temperature because 
the value of susceptibility (a measure of relative amount 
of induced magnetism) is always negative. 

25. Bismuth is a diamagnetic material. So, when it is kept in 
an external magnetic field the field lines are repelled and 
the field inside the material is reduced. 

26. For ferromagnets, we cannol write B=|1H because the 
relation between Band H is not linear and it depends on 
the magnetic history of the sample. This phenomenon is 
called hysterisis. 

27. The alkali halides are all diamagnetic because of the 
absence of unpaired electrons. So, they do not show 
paramagnetism. 

28. The susceptibility of magnetic material is inversely 

Proportional to temperature, i.e. 

5 well 
Kn 
Kal) 300 y= OLDE 59 
Xm (300K) T 144 x10° 
Substance having (small) negative value (-05) of 
Magnetic susceptibility z,, are diamagnetic. 


M= JM? + M3 +2M,M, cos 0 


29, 


30, 


31. 
32, 


33, 
34. 
35. 


36. 


38. 


39. 


40. 
Al. 


42, 
43. 
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Refer to text on page 222. 
As, L = 2nR 
= R= a 
an 
= M=lA=IxnR 
2 9p 
=In i. ses 
ac 4m 

Refer to text on pages 224 and 225. 


Refer to text on pages 236 and 237. 
(a) Refer to text on page 227. 
(Magnetism and Gauss’ Law) 
(b) Refer to text on page 222. 
(Properties of Magnetic Field Lines) 
Difference between para-, dia- and ferro-magnetic 
materials 
Refer to text on pages 238 and 239. 
(Comparative Study of Magnetic Materials) 


. Refer to text on page 235. 


Here, intensity of magnetisation varies inversely with 
magnetic field strength ie., — I « H as shown in figure. 


Refer to text on page 236. 

(i) Refer to text on page 236. 

(ii) Refer to text on page 238. 
Refer to text on pages 237 and 238. 
(i) W = -MB (cos®- cos Q) 

(ii) Refer to text on page 238. 
Refer to Q. 29 on page 229. 
Torque, t= MBsin® 


we have seen th 
force and torqu 


possible, 


In the previous chapter, 
magnetic field, experiences 
the reverse phenomenon 1s also 
magnetic field, then the current 


ata current 
c. Now, 
je. if we rotat 


will flow in it. 


carrying conductor when kepr ii 
in this chapter, we will stud tha 
¢ the conductor (coil) ing 


ELECTROMAGNETIC 


INDUCTION 


Current can be induced in the coils when these coils are rotated in a 
magnetic field. This has led to the alternate ways of generating current. 
When electromagnetic induction was discovered, only source of emf 
available were those of chemical nature such as dry cells, but at present 
large-scale production and distribution of energy became possible because of 
this phenomenon of Electromagnetic Induction (EMI). Faraday and Henry 
independently discovered the principle of magnetically induced emf and 
found methods to convert mechanical energy into electrical energy. EMI 
formed the principle of two important electrical devices namely, electric 
generator and transformer, which has revolutionised the life styles of 
mankind. 


| TOPIC 1| 


Faraday’s Laws and Motional 
Electromotive Force 


The phenomenon of generation of current or emf by changing the ma ‘ist 

field is known as Electromagnetic Induction (EMI), The emf developed in he 
conductor by the process of EMI is known as induced emf and ifthe conde 
is in the form of a closed loop, then the current flowing through the dette 
is knovn as induced current. It is the reverse process of magaon eet 
production by electric current. The phenomenon of EMI was discon ae 
Michael Faraday in 1831, which is not merely of theoretical « teal 

interest but also of practical utility. We cannot imagine a world ae 
electricity, no electric lights, no trains, no telephones, no Personal pees no 
Hence, today’s civilisation owes a great deal to the discovery of EML Puters, 


% CHAPTER CHECKLIST 


* Faraday’s Laws and 
Motional Electromotive Force 
© Self and Mutual Induction 


lectromagnetic Induction 


MAGNETIC FLUX 


she coral number of magnetic field lines crossing through 
any surface normally, when itis placed in a magnetic field 
jg known as the magnetic flux of that surface, 


8=0",4, = max 

(b) 
Suppose a loop enclosing an area A is placed in a uniform 
magnetic field B. Then, the magnetic flux through the loop 
is given by 


When the magnetic field is perpendicular to that plane of 
the loop, then magnetic flux will be 
y = BA =maximum value .(i) 


This means that B= &, ie. magnetic field strength B is 
the magnetic flux per unit area and is called magnetic flux 


density or magnetic induction. 


When the magnetic field B is not perpendicular to area A 
rather it is inclined at an angle @ with respect to the normal 
to the surface. 


The magnetic flux becomes 


4 =B-A=|B||A| cos 8 
Ail) 


= BAcos® 


where, 0 is the smaller angle between B and A. 
{fa plane is parallel ro the magnetic field, 
then no field line will pass through it and —— B 

he magnetic flux linked with that plane 
Will be zero, , 
From Eq.(ii), it is clear that the flux can be 
Varied by changing anyone or more of the 
‘sms B, A and @. 
The flux can also be altered by changing the shape of the 
coil (by stretching or by compressing) ina magnetic field i 
‘ating a coil in a magnetic field, such that the angle 

"ween B and A changes. 

€ SI unit of magnetic flux (bq) is tesla-metre square, 
hich is also called weber (abbreviated Wb). 

1 weber =1 Wb=1 Tm 


> 


0= 90", = 0 
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1 weber is the amount of magnetic flux aver an area of 

Im? held normal to a uniform magnetic field of 1 tesla (T). 

The CGS unit of magnetic flux (6 4) is maxwell (Mx). 
where, 1 weber = 10" maxwell 

Magnetic flux is a scalar quantity and its dimensional 

formula is [ML?T 7A]. 


EXAMPLE |1| A long solenoid of radius 4 cm, length 
400 cm carries a current of 3 A. The total number of turns 
is 100, Assuming ideal solenoid, find the flux passing 
through a circular surface having centre on axis of 
solenoid of radius 3 cm and is perpendicular to the axis of 
solenoid (i) inside and (ii) at the end of solenoid. 

Sol. 


f= T= 400em —4 


Number of turns per unit length is given by 
N_100_,. 
=== 25tums/m 
I o4 
(i) Magnetic field ofa solenoid at a point inside is 
B=\oni 
Area of cross-section of the solenoid. A = tr," and 8 = 0° 
Magnetic flux, 
b, = BAcos® 
= [oni mr? cos 0° 
=4nxl07 X 25X3XRX(3X107F 
=0.27x10° Wb 
= 0270 Wb 
(ii) At the end, magnetic field of solenoid is 


1 
B=-poni 
qt 


= 0135p Wh 


EXPERIMENTS OF 
FARADAY AND HENRY 


The discovery and understanding of electromagnetic 
induction ate based on a long series of experiments carried 
out by Faraday and Henry. 

It is the relative motion between the magnet and closed coil, 
which is responsible for generation or induction of electric 
current in the coil, 

Whenever magnetic field linked with a closed coil changes, 
an emfis induced in the coil, which is called induced emf. 
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First Experiment 
(Current Induced by a Magnet) 


a esl C of few curtis of conducting material 
Jed from one another and is connected to a 
sensitive galvanometer G. 
Whenever there is a relativ 
and magnet, 
indicating tha 


‘¢ motion between the coil 
the galvanometer shows a deflection 
t current is induced in the coil. 


EMI with a stationary coil and moving magnet 


Therefore, relative motion between the magnet and 
the coil generates electric current in the Coil. So, the 
current generated is called induced current, 


Second Experiment 
(Current Induced by a Current) 


When the bar magnet is replaced by a second coil C, 
connected to a battery, the steady current in coil Cy 
produces a steady magnetic field. As coil Cy is 
moved towards coil C,, the galvanometer shows a 
deflection. This indicates that electric current is 
induced in coil Cy. 


EMI with one coil stationary and another moving 


When coil C, is moved away, the galvanometer shows 
a deflection again but this time, in the opposice 
sinection. The deflection lasts as long as coil C; is in 
the motion. 
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Third Experiment ee : 
(Current Induced by Changing ‘urrent) 


a 


O 
EMI with changing current in one coil 


The figure shows two coils C, and C held magoney Coil c, is 
connected to galvanomerer Gy while the second coil C, j, 
connected to a battery through a tapping key K. 

It is observed that the galvanometer shows a momentary 
deflection when the tapping key &’ is pressed.If the key is pressed 
continuously, there is no deflection in the galvanometer. When 
the key is released, a momentary deflection is observed again bu 
in opposite direction. All experimental observations lead us to 
conclude thar induced emf appears in a coil, whenever the 
amount of magnetic flux linked with the coil changes. 


Note Presence of magnetic flux is not enough, The amount of mag 
flux linked with the coil must be change in arder to produce an induced emi 
in the coll 


FARADAY’S LAWS OF 
ELECTROMAGNETIC INDUCTION 


The owo laws of electroma; 
stated below 


gnetic induction given by Faraday are 


Faraday’s First Law 

Whenever the amount of magnetic flux linked with a citcut 
changes, an emf is induced in it. The SI unit of this induced emfis 
volt (V).The actual number of magnetic field lines passing 
through the circuit does noc depend on the values of the inet 


emf. Induced curtent is determined by the rate at which the 
magnetic flux changes, 


Faraday’s Se 
cond 
‘The magnitude of the rhe enti 
of change of magnetic flux 
Faraday’s second law ¢ 
Induced emf cc 


1a circuit is equal co the 
through the circuit. Mathematical 
an be expressed as, 


Rate of change of magnetic flux 


i 


Fy ectromagnetic Induction 


o= = dh, 
ie. dt 


[s rate of change of magnetic flux seth ma } 
hot 
The negative sign in above relation, indicates that the 
induced emf in the loop due to changing flux always 
opposes the change in the magnetic flux In other words, 
the direction of induced emf is such that it always opposes 
the change in magnetic flux linked with the circuit. In the 
case of a closely wound coil of N’ turns, the change of flux 
gssociaced with each turn is same. Therefore, the expression 
for the total induced emf is given by. 
e= - NM 
dt | 


— 


The induced emf can be increased by increasing the number 
of ums NV of a closed coil. 


Induced Emf and Current 


IFNis the number of turns and & is the resistance of a coil, 
and the magnetic flux linked with its each turn changes by 
dd in short time interval df, then : 


Induced emf in the coil, e = -v 


Induced current flowing through the coil, 


22 oN. ty [1-4] 
“RR dt “R 
Electric charge flows due to induced current, 
N 
=Idt=—d 
fae Sa 


EXAMPLE [2] A magnetic field of flux density 10 T acts 
Tomally to the coil of 50.turns having 100 cm’ area. Find 


emf induced, if the coil is removed from the magnetic field 
015 5, 
Sol. Given, B=10T, N=S0turns, 


=10?m’, dt =0,15s 


A =100cm" 

Magnetic flux linked with the coil initially, 
9, = NBA =50 x 10x10 = 5 Wb 
But magnetic flux linked with the coil finally, i. 
(when removed from the magnetic field), $y 


“ Emf induced, e= =4? 
it 
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EXAMPLE [3] A square loop of side 10 cm and 
tesistance 0,5 (2 is placed vertically in the East-West plane. 
A uniform magnetic field of 0.10 T is set up actoss the plane 
in the North-East direction. The magnetic field is decreased 
to zero in 0.70 s at a steady rate. Determine the magnitudes 
of induced emf and current during this time interval. 
Sol. Given, B=0.10T, A =100cm? =10°? m7, = 45" 
(as the angle made by area vector of the loop with 
magnetic field is 45°), 
R=05Q, dr =0705 
Initial magnetic flux, 6, = BA cos 6 
=010%10" % cos 45 
+ c0s45° = 
v2 
-) 
= wD 
V2 
As, final magnetic flux, 6, = 0 
«. Magnitude of induced emf is 


=10°V=1.0mV 
~. Magnitude of induced current, 
e_w'v 
“R052 
=2x107A 


2 
2mA 


LENZ’S LAW 


According to this law, the polarity of emf induced is such 
that, it tends to produce a current which opposes the 
change in magnetic flux that produced it. 


Illustration of Lenz’s Law 


As the magnet is moved towards the 
loop, a particular amount of curtent is 
induced in the loop. The magnetic 
field is produced by the current, with 
magnetic dipole moment m oriented, 
so-as to oppose the motion af magnet, 
Thus, the induced current must be 
counterclockwise as shown in’ the 
figure, When the North pole of a 
magnet moves towards a stationary 
loop, an induced current / flows in anti-clockwise sense as 
seen fram the above, at which che magnet is located, 
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Na Amticlockovse Sense corresponds to the generation of 
North pole which opposes the motion of the approaching 
N-pole of the magnet. 


Motion 
Rest 


When the North pole of the magnet is moved away from 
the loop, the current / flows in the clockwise sense, which 
corresponds to the generation of South pole as shown in 
figure. The induced South pole opposes the motion of the 
receding North pole. 


Motion — 


The directions of current induced in all above cases remain 
same, if instead of the loop, the magnet is kept stationary 
and loop is moved towards or away from it, 


Rest 


Motion Motion 


If both the loop and magnet are in relative motion wat.t. 
cach other, the induced pole on the loop facing magnet is 
according to Lenz’s law. 
(i) When », > v5, ie. the loop is approaching towards 
N-pole, hence, induced pole in loop is N-pole, 


(ii) When », <v2, ic. the loop is receding away from 
N-pole, hence induced pole in loop is S-pole. 


=“ 


—n 


When loop and magnet having opposite directions of 
velocities, then loop is approaching towards N-pole, 


hence, induced pole in loop is N-pole. 
" 


m 
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(ix) When loop and magnet having opposite dire, 
velocities and loop is receding away from Nie 
then induced pole in loop is S-pole. Pole, 


a 


Thus, Lenz's law i used 00 find the ditetog 
induced current in a closed circuie, 


Note This topic has been frequently asked in previous years ay)y 
2014, 2013, 2012, 2011, 2010. 


Lenz’s Law and Conservation of Energy 


Lenz’s law is in accordance with Cait 


the law of conservation of energy. = 


| Coes 
In the alongside circuit, when 
N-pole of magnet is moved 
towards the coil, the front face of 
the coil acquires North polarity. 
Thus, work has to be done against the force of repulsion in 
bringing the magnet closer to the coil. 

When N-pole of magnet is moved away, South pol 
develops on the front face of the coil. Therefore, work his 
to be done against the force of attraction in taking the 
magnet away from the coil. ‘This mechanical work in 
moving the magnet w.r.t. the coil changes into electrial 
energy producing induced current. Hence, energy 
transformation cakes place. When we do not move the 
magnet, work done is zero. Therefore, induced currents 
also zero.Hence, Lenz's law obeys the law of conservation of 
energy, 


Fleming’s Right Hand Rule 


If we stretch the thumb, the forefinger and the central finget 
of right hand in such a way chat all these three are mutual 
perpendicular to each other and if thumb represents U 
ditection of motion of the conductor and che forelns 
represents the direction of magnetic field, then central finget 
will represent the ditection of induced current as shown bdo 


Motion of 


Induced current 


a 


aromagnetic Induction 


B 


7 In the given fi i 
“AMPLE [4l g igure, a bar magnet is 
BM ynoved towards @ conducting loop having a 
wait predict the polarity of the plates A and B of the 
at 
padi 


All India 2014 


ints: As. the magnet moves towards the coil, flux linked 
he coil, increases, hence according to the Len2’s law, it 


witht 
the change. 


ill oppose 


Sol. Here the North pole is approaching towards the magnet, 
so the induced current in the face of loop viewed from 
jeft side will flow in such a way that it will behave like 
North pole or South pole is developed in loop when 
viewed from right hand side of the loop. The flow of 
induced current is clockwise hence, A acquires posilive 
polarity and B acquires negative polarity. 


EXAMPLE [5| A current carrying 
straight wire passes inside a 
triangular coil as shown in figure. 
the current in the wire is @! 
perpendicular to paper inwards. 

find the direction of the induced / 

cunent in the loop, if current in the 

wire is increased. 

Sol. Magnetic field lines around the current carrying wire 
are as shown in figure below. Since, the lines are 
tangential to the loop ( 6 = 90°), the flux passing 
through the lop is zero, whether the current is 
increased or decreased. Hence, change in flux is zero. 
Therefore, induced current in the loop will be zero. 


@ 


Sa ae 


MOTIONAL ELECTROMOTIVE 
FORCE AND FARADAY’S LAW 


"sider a uniform magnetic field B confined to the region 
t 2 and a coil PQRS is placed inside the magnetic field. 
dau time t, the part P’Q =S'R= y of the coil is inside 

Magnetic field. Let / be the length of the arm of the coil. 


¢ =I 
Inducing current by changing the 
area of the rectangular loop 


Area of the coil inside the magnetic field at time £, 


AS = OR x RS’ =ly 
Magnetic flux linked with the coil at any time ¢, 
= BAS = Bly 

The rare of change of magnetic flux linked with the coi! is 
given by 

dood 

o£ (Bly 

dt dt wy 

= = lv 
dt 


where, » is the velocity with which the coil is pulled out of 
the magnetic field. 
Ife is the induced emf, then according to Faraday’s law, 


Bly 


From Fleming's right hand rule, the current due to induced 
emf will flow from the end R to Q, ie. along SRQP in the 
coil. This induced electromotive force (emf) Blv is called 
motional emf. 
Note When a conducting rod of length / fixed at its one end moves 
on a citcular path with angular velocity a in a uniform magnetic felt 
B normal to it, then induced emt produced in it ise = taut 


x, 


ed 
erat 


EXAMPLE |6| A wite of length 0.3m moves with a speed 
of 20 m/s perpendicular to the magnetic field of induction 
1 Wb/mé, Calculate the induced emf. 


Sol. Given, velocity, v = 20nvs 


Length, 1=0.3m 
Angle, O= 90° 
Magnetic field, Whim? 


As, induced emf, e = Bly 
e€=1X03X 20 =6V 
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E 
XAMPLE |7| A wheel with 10 metallic spokes each 


0.5 i i 

Ao saat ‘rotated with a speed of 120 rev/min in a 

once aa the horizontal component of the earth’s 

whats thee e ata place. If, =0.4 gauss at the place, 

i induced emf between the axle and the rim of 
@ wheel? Take, 1 gauss= 107‘ T, 


Sol. Induced emt 


A 
2 Bal? = (1/2) BR? 


oro) 


mf = one <a 
60 
and! = 2R 
= (1/2) x 4x04 x 104 x(0,5)" 
=6.28x105 V 


The number of spokes is immaterial because the emf's 
across the spokes are in parallel. 


ENERGY CONSIDERATION 
(A QUANTITATIVE STUDY) 


Let R be the resistance of 


movable arm PQ of the . -S...~ [lr 
irregular conductor. We *|»[F = [fx =m 
assume that the remaining *;*{|* * *y2-*||* * 
arms QR, RS and SP have sls Sa we at ellOceN 
negligible resistances ¢ yg 


compared to R. 
Thus, overall resistance of the rectangular loop is Rand this 
does not change as PQ is moved. 
Current / in the loop is given by 

¢_ Bly . 


f=t= 
RR 


Due to the presence of the magnetic field, there is a force on 
the arm PQ. This force is directed outwards in the direction 
opposite to the velocity of the rod. 

The magnitude of this force is given by magnetic force 


--(i) 


ie. 


Alternatively, the arm PQ is being pushed with a constant 
speed v. Power required to do this is given by 


By? 


at does this work is mechanical energy. 
chanical energy is dissipated as joule heat and is 


2 222 
Bly _ Bl 
FP Ror P; -(2) Ror]? = 


valli) 


The agent th: 
This met 
given by 


Py 
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al to Eq). : 
y, which was required 80 moyg 
ted into electrical energy ang 


‘This is identic 

‘Thus, mechanical eneré, 

the arm PQ is conver! 

then to thermal energy: 

Note The magnetic flux linked with a loop does not change whe, 

“io magnet and loop are moving with the same velocity 
{iy magnet is rotated around ils axis without changing its 
distance from the !oop. 


(ill) loop is moved ina uniform mat 
the loop remains in the field 
Quantities and Their Formulae 


ignetic field and the whote gy 


Induced i : 
ry cs es sit | 
S.No. Name of the Formula ore Reeiaence Stunt 

quent closed _ resistance | 

"a ipsa Open or 

1. Induced emf Gicsed «NO volt 

2. Induced current Closed Yes ampere | 
Charge tlown do 

3, due toinduced 9 =-- Closed Yes coulom 
current 
Power required ae 
to pull a loop I'v? Open or 

4 Gutola P=——— closed YS watt 


magnetic field 


Induced Current in a Circuit | 
If Ris the electrical resistance of the circuit, then induced | 
current in the circuit is given by | 
rae | 
R 
If induced current is produced in a coil ratated in a uniform 
magnetic field, then | 
y= NBAw sineot | 
R 
NBAw 


Siat 


where, J, = peak value of induced current 


‘NV =number of turns in the coil, 

B= magnelic field, 

gular velocity of rotation 
foss-section of the coil, 


— 


EXAMELE [8] A square metal wire loop of side 20" 
Tesistance 2.Q is moved with a constant velocity Yo!" 


uniform magnetic fi i i ns 
a eld of induction B =1 Wb/m 


Perpendicular 
connected to a 
The resistances 


Jectromagnetic Induction 


i 


Sol. From the figure, we see that, network CEDFis balanced 
Wheatstone bridge, so no current will flow in branch 
cD. 


So, the equivalent resistance of CEDE network is 
, 10x10 
Ry =——— =5 


“or 
Resistance of loop = 2. 


Ryuay = 24 Roy = 24527 0 
We know thal, induced emf,e = By! 


and induced eurrent, f= —£— = Bro! 
Rit 7 
> 2x io? = Leo X02 
7 
= 


vg =7 107 m/s =7 m/s 


As flux is decreasing, so induced current J will be 
clockwise, 


EXAMPLE lel Figure shows a rectangular conducting 
oop PQRSin which arm RS of length /is movable. The loop 
's kept in a uniform magnetic field B directed downward 
perpendicular to the plane of the loop. The arm RS is 
moved with a uniform speed v. ‘ 


~px x 


xQr * 


Deduce the expression for 
(i) the emf induced across the arm RS 
(ii) the external force required to move the arm and 
(iti) the power dissipated as heat. All india 2009 
Sol. According to the question, 
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(i) Let RS moves with speed ¥ rightward and also RS is at 
distances x, and x, from PQ at instants 1, at t,. 
respectively, 

1, Alt, flux linked with loop 1,ie. PQKS.6, = Klx,) 
Similarly, al instant (,, flux linked vith foop 2, ie. 


POOR'S, lx) 
2. Change in flux, M6 = 6, - = Bx, - x, 
> 80 So ty [ y 
At At 
By Faraday's law, magnitude of induced emf, ¢ = vBL 


vBl 


(ii) If resistance of loop is R, then f = 


J. Magnetic force = IB! sin 99? = (2 } Bl 
veil 
= ve sin90°=! 
[esin i 


External force must be equal to magnetic force and 
in opposite directions 


ap 
2. External foree = “2 
R 


mnt 22/2 
(ii) As, PEER -(#) xra el xg 
R Rr 
pve 


R 


EDDY CURRENTS 


The currents induced in bulk pieces of conductors, when 
the magnetic flux linked with ic changes, are known as eddy 
currents. These currents are always produced in a plane, 


perpendicular to the direction of magnetic field. They show 
both heating and r tic effects. 


‘The magnitude of eddy current is given by 
1 ~ Induced emf _ 


Resistance = R 


According to Faraday's law, e =~ &. then | =~ /dt 


The direction of eddy currents can be given by Lenz’s law or 
by Fleming's right hand rule, However, their flow patterns 
resemble swirling eddies in water. That is why, they are 
called eddy currents. These were discovered by Foucault in 
1895 and hence, they are also named as Foucault current. 
c.g, When we move a metal plate our of a magnetic field, 
the relative motion of the ficld and the conductor again 
induces a current in the conductor. The conduction 
electrons build up the induced current whirl around within 
the plate as. if they were caught in an eddy of water. This is 
called the eddy current, 


Undesirable Effects of Eddy 
rrents . 


rong ene a produced inside the iron cores of the 
aso ince mats: of electric morors and dynamos and 
changes eee Sof ansformers, which experience flux 
heating af ot {Rey ae in us. They cause unnecessary 
paren ee age of power. The heat produced by eddy 

MS may even damage the insulation of coils. They 
are minimised by using laminations of metal to make a 
metal core, The laminations are separated by an 
insulating material. The plane of the laminations must be 
arranged parallel to the magnetic field, so thar they cut 
across the eddy current paths. This arrangement reduces 
the strength of eddy currents. ° 


Applications of Eddy Currents 


Eddy currents are useful in many ways. Some of the 
important applications of eddy currents are as given 
below 

(i) Electromagnetic damping In order to 
immediately bring the moving coil of a 
galvanometer to rest, we make the use of 
electromagnetic damping which uses eddy 
currents to bring the coil to rest. When the coil 
oscillates, the eddy currents generated in the core 
oppose the motion and bring the coil to rest. 
Induction furnace In this, high temperature can 
be produced by using eddy currents. We generally 
use induction furnace in preparation of alloys by 
melting the constituents of metal. A coil is wound 
over the metal which needs to be melted and 
through the coil, we pass high frequency 
alternating current. 
The eddy current generated in the metal produces 
high remperature to melt the metal. 
Electric power meters Old clectric power meters 
(analog type) had a metallic disc. The disc rotates 
due to generation of eddy currents which are 
produced due to sinusoidally varying currents in 
the coil. 
Magnetic braking in electronic trains Some 
electric powered trains make use of strong 
electromagnets which are situated above the rails, 
These clectromagnets are used to produce eddy 
currents in the rails which oppose the motion of 
the train and thus stop it. In this case, as there is no 
mechanical linkage, the braking effect is smooth, 


(ii) 


(iii) 


(iv) 
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OBJECTIVE Type Questions 


{, Current in the coil is larger 


D6 
(a) when the magnet is pushed towards the coil faster 
(b) when the magnet is pulled away the coil faster 
(c) Both (a) and (b) 
(a) Neither (a) nor (b) 

2. The instantaneous magnetic flux linked with a 
coil is given by 6 = (St° -100¢ + 300) Wb. The emf 
induced in the coil at time f =2s is 
(a)-40V. (b) 40 V 
(c)140V. (d) 300 V 

3. There are two coils A and B as shown in figure.A 
current starts flowing in B as shown, when Ais 
moved towards B and stops when A stops moving 
The current in A is counter clockwise. B is kept 


stationary when A moves. We can infer that 
NCERT Exempht 
(a) there is a constant current in the clockwise direction 
ina 
(b) there is a varying current in A 
(c) there is no current in A 


(d) there is a constant current in the counter clockwis¢ 
direction in A 


A 


OO 


: | 
4, Ahorizontal straight wire 20 m long extending, 


gion a8 to west is falling with a speed of 5° 
veatins, Angles to the horizontal component © 
S Magnetic field 0.30x 10 Wom. The 


instantane, 
‘OUS Value o} i in the 
witewanae f the emf induced 


(a) 6.0 mv 


(©) 45 mv ©) 3mv 


(a) 1.5 mV 


fhe | 


tic Induction 
oe aromagneti 


RY SHORT ANSWER Type Questions 


5, Two coils of wire A and Bare placed mutually 

. perpendicular. When a current induced is 
changed in any one coil, will the current 
induced in another coil? 


es 


Along straight current carrying wire passes 
normally through the centre of circular loop. If 
the current through the wire increases, will 
there be an induced emf in the loop? Justify. 


Delhi 2017 
7. What is the direction of induced currents in 


metal rings 1 and 2, when current Jin the wire is 
increasing steadily? 


All India 2017 

. Inthe figure given, mark the polarity of plates A 
and B of a capacitor when the magnets are 
quickly moved towards the coil. All India 2017C 


A 
BS NI 


: The closed loop PORS of wire is moved into a 
uniform magnetic field at right angles to the 
plane of the Paper as shown in the figure. 
Predict the direction of the induced current in 


the loop. Foreign 2012 
Pp. 
Xx x we y i Bi 
ell 
a ee ee 


‘HORT ANSWER Type Questions 


». Acurrent is induced in coil C, due to the motion 
of current carrying coil C>. 


(i) Write any two ways by which a large 
deflection can be obtained in the 
_ 8alvanometer G. 
) Suggest an alternative device to 
lemonstrate the induced current in place of 
4 galvanometer. Delhi 2011 


il, 


12. 


3. 


14. 


15. 


16. 
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Acoil Q is connected to low voltage bulb B and 
placed near another coil P as shown in the 
figure. Give reasons to explain the following 
observations 

(i) The bulb B lights. 


(ii) Bulb gets dimmer, if the coil Q is moved 
towards left. 


AC source 
8 aN 
- | 
TOTTI TROT 
—o P 


Dethi 2010 

Two identical loops, one of copper and the 

other of aluminium are rotated with the same 

angular speed in the same magnetic field. 

Compare 

(i) the induced emf and 

(ii) the current produced in the two coils. Justify 
your answer. All India 2010 

State Lenz's law. A metallic rod held 

horizontally along East-West direction, is 

allowed to fall under gravity. Will there be an 

emf induced at its ends? Justify your answer. 

Dethi 2013 
Abar magnet is moved in the direction 
indicated by the arrow between two coils PQ 


and CD. Predict the directions of induced 
current in each coil. 


All India 2012 
-p—a—_9 =  S—mr_? 
VG ae 


Arectangular loop of length J and breadth 6 is 
placed at distance of x from infinitely tong wire 
Carrying currenti such that the direction of 
current is parallel to breadth. lf the loop moves 
away from the current wire ina direction 
perpendicular to it with a velocity y, what will 
be the magnitude of emf in the loop? 


A metallic rod of length L is rotated with angular 
frequency of» with one end hinged 


at the centre 
and the other end at the circumference of a 


circular metallic ring of radius L, about anaxis 
passing through the centre and Perpendicular to 
the plane of the ring. Aconstant anda uniform 
magnetic field B parallel to the axis is present 
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everywhere. 
betvenn the Deduce the expression for the emf 
centre and the metallic ring. 


Delhi 2012 


thy i 

17. Why is the coil of dead beat galvanomete! 
. > : 

Wound on a metal frame? ie 


18. i 
oct fs magnet surrounded by a wire with 
: F switch as shown in the figure. If the 
sw itch is thrown from the OFF position (open 
circuit) to the ON position (closed circuit), will 
current flow in the circuit? Explain. 


NCERT Exemplar 
{ 
{ 
L N IN 
Bar / Bar 
magne! magnet 
Circuit open Circuif closed 


Hints : The magnetic flux linked with a uniform surface 
area A in a uniform magnetic field is given by 

6=B-A= BAcos6. So, flux linked will changes, only 
when either B or A or the angle between Band A changes. 


19. Awire in the form of tightly wound solenoid is 
connected to a DC source and carries a current 
I. If the coil is stretched, so that there are gaps 
between successive elements of the spiral coil, 
will the current increase or decrease? Explain. 
NCERT Exemplar 


Hints: Here, the application of Lenz's law is 
tested through this problem. il 


20. Asolenoid is connected to a battery, so 
that a steady current flows through it. If an iron 
core is inserted into the solenoid, will the current 


increase or decrease? Explain. 
NCERT Exemplar 


21. (i) Ametal ring is held horizontally and bar 
magnet is dropped through the ring with its 
Jength along the axis of the ring. What will 
be the acceleration of a falling magnet? 

(ii) Consider a metal ring kept on top of a fixed 
solenoid (say on a cardboard) (sce figure), 
The centre of the ring 
coincides with the axis of the Rin 
solenoid. If the current is Lf 
suddenly switched ON, the 
metal ring jumps up. Explain. 

NCERT Exemplar ET 


LONG A 


22. 


24. 


25. 
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NSWER Type I Questions 


v termine the direct) 
enz's law to determ t Bika 
Use Le in the situations deseribeay, 


induced current ii 

figure. _ 

o Awire of irregular shape turning into 4 
circular shape. 

(ii) A circular loop being deformed into a 
narrow straight wire. 


@” (b) 


Ametallic rod of length /is moved 
perpendicular to its length with velocity vina 
magnetic field B acting perpendicular to the 
plane in which rod moves. Derive the 
expression for the induced emf. All India2017¢ 


Figure shows a rectangular conducting loop 
ABCD in which arm CD of length a is movable. 
The loop is kept in a uniform magnetic field B 
directed downward perpendicular to the plane 
of the loop. The arm CD is moved with a. 
uniform speed v. 

xAx x xDX x x 


xBx om» NOK NX © 
Deduce an expression for 


(i) the emf induced across the arm CD 
(ii) the external force required to move th 
and 
(iii) the power dissipated as heat. 


(i) Arod of length /is moved horizontally 
a uniform velocity vin a direction jot 
Perpendicular to its length through #78 
in which a uniform magnetic field is actine 
vertically downward. Derive the express 
onthe emf induced across the ends ® 
‘od. if 

(ii) How does one understand this motion™ a 
by invoking the Lorentz force actin of 
free charge carriers of the COM, 0! 
Explain, auindis 


earn 


with 


| pont 
gst” 


gnetic Induction 


ametatlic rod of length /is rotated with a 
in 


frequency w with one end hinged at the contre 
andthe other end at the circumference ofa 
cireulal metallic ring of radius r, about an axis 
passing through the centre and per pendicular to 
the plane of the ring. 

constant uniform magnetic field B parallel to 
the axis Is present everywhere, Using Lorentz 
force, explain how emf is induced between the 
centre and the metallic ring and hence obtain 
the expression for it? Dethi 2019 


joNG ANSWER Type IT Questions 


7. 


8. 


Ametallic rod of length / and resistance R is 

rotated with a frequency y, with one end hinged 

atthe centre and the other end at the 
circumference of a circular metallic ring of 
radius /, about an axis passing through the 

centre and perpendicular to the plane of the 

ring. A constant and a uniform magnetic field B 

parallel to the axis is present everywhere, 

(i) Derive the expression for the induced emf 
and the current in the rod, 

(ii) Due to the presence of the current in the rod 
and of the magnetic field, find the expression 
for the magnitude and direction of the force 
acting on this rod. 

(ii) Hence, obtain the expression for the power 
required to rotate the rod. All India 2014C 


State Faraday’s law of electromagnetic induction, 
Figure shows a rectangular conductor PORS in 
which the conductor PQ is free to move in a 
uniform magnetic field B perpendicular to the 
plane of the paper. The field extends from x =0 
tox = and is zero for x > 6. Assume that only 
the arm PQ possesses resistance r. When the 
arm PQ is pulled outward from x = 0 to x =2b and 
isthen moved backward to x = 0 with constant 
speed v, obtain the expressions for the flux and 
the induced emf. 


Sketch the variation of these quantities with 
distance O< x< 2b. All India 2010 
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NUMERICAL PROBLEMS 


29, Arectangular loop of aren 20 em % 30 em is 
placed In magnetic field of 0.3 T with its plane 
(i) normal to the field 
(ii) inclined 30° to the field and 
(ill) parallel to the field, 
Find the flux linked with the coil in each 
case. 
30. ‘The magnetic flux through a coil perpendicular 
to the plane is given by o = 5t? +40? + 2¢, 
Calculate induced emf through the coil at ¢ =2s. 
Acircular coil of radius 10 cm, 500 tums 
and resistance 2 Q is placed with its plane 
perpendicular to the horizontal component 
of the carth’s magnetic field. It is rotated about 
its vertical diameter through 180” in 0.25 s. 
Estimate the magnitude of the emf and current 
induced in the coil. Horizontal component of the 
earth's magnetic field at the place is 3x 1075 T. 
NCERT Intext 


3I 


32 


A magnetic field in a certain region is given by 
B= Bgcos(wt) kk and a coil of radius a with 
resistance R, is placed in the 2y-plane with its 
centre at the origin in the magnetic field as 
shown in the figure. Find the magnitude and 
the direction of the current at (a, 0, O)at 


t=2,r=Zand t= 
20" ow 


NCERT Exemplar 


Awheel with 15 metallic spokes each 60 cm 
long, is rotated at 360 rev/min in a plane 
Normal to the horizontal component of the 
earth’s magnetic field. The angle of dip at that 
place is 60°. If the emf induced between rim of 
the wheel and the axle is 400 mV, calculate the 
horizontal component of the earth's magnetic 
field at the place, 

How will the induced emf change, if the 
number of spokes is increased? 


33. 


AllIndia2017¢ 
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ire 10 m long extending 
ing with a speed of 


0.30%10 Weim? 
@) What is the in 


nstantancous value of the emf 
induced in the wire? 


Gi) What is the direction of the emf? 
Gil) Which end of the wire is at the higher electrical 


potential? NCERT 


35. A jet plane is travelling towards West at a speed of 


36. 


SF: 


38. 


1800 km/h. What is the voltage difference 
developed between the ends of the wing having a 
span of 25 m, if the earth's magnetic field at the 

location has a magnitude of 5x 10°“ T and the dip 
angle is 30°? 


NCERT 


Alm long conducting rod rotates with an angular 
frequency of 400 rad/s about an axis normal to the 
rod passing through its one end. The other end of 
the rod is in contact with a circular metallic ring.A 
constant magnetic field of 0.5 T parallel to the axis 
exists everywhere. Calculate the emf developed 
between the centre and the ring. 


NCERT 


A rectangular conductor LMNO is placed in a 
uniform magnetic field of 0.5 T. The field is 
directed perpendicular to the plane of the 
conductor. 


~LxBy 


When the arm MN of length 20cm is moved 
towards left with a velocity of 10 ms”, calculate the 
emf induced in the arm. Given, the resistance of the 
arm to be 5Q (assuming that other 
negligible resistance), find the value of the current 
in the arm. 


arms are of 


All India 2013 


Arectangular loop of sides 8 cm and 2cmwitha 
small cut is moving out of a region of a uniform 
magnetic field of magnitude 0.3 T directed normal 
to the loop. What is the voltage developed across 
the cut, if velocity of loop is 1 ems 
normal to the 


1 
ina direction 


39. 


40. 


4 
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nger side? 

[ rae side of the loop? 
(ii) Por how long does the induceg _ 
Jast in each case? wee 


Joop of side 20 cm is initially ke 
bese tot from aregion of a uniform ~ 
: netic field of 0.1 T as shown in the fizwr, 
suis then moved towards the right with, — 


7 10 cms" till it goes out Of the 
ee graph showing the variatio, of 
(i) magnetic flux (6) through the loop with 
time (¢). 
(ji) induced emf (e)in the loop with time, 
(iii) induced current in the loop, if it has 
resistance of 0.1.9. 


Asquare loop of side 12 cm with its sides 
parallel to X and Y-axes is moved witha 
velocity of 8 cm/s in the positive x-direction 
in an environment containing a magnetic 
field in the positive z-direction. The field is 
neither a uniform in Space nor constant in 
time. It has a gradient of 10-? T/cm along 
the negative x-direction (ie. it increases byl0 
T/cm as one moves in the negative 
x-direction) and it is decreasing in time at 
the rate of 10° T/s, Determine the direction 
and magnitude of the induced current in the 
loop, if its resistance is 4.50 mo. NCERT 


Acircular coil of radius 8.0 cm and 20 tums 
rotated about its vertical diameter with an 
angular speed of 50 rad s~' in a uniform 
horizontal magnetic field of magnitude 

3% 10 T. Obtain the maximum and aver28® 
emf induced in the coil, If the coil forms # 
closed loop of resistance 10 Q , then 
calculate the maximum value of current 0 
He COll. Calculate the average power lS 


due to joule heati is powel 
‘cating. Where does this P' 
come from? nore Noes 


agnetic Induction 


pero 
| HINTS AND SOLUTIONS 


(«Current will be larger, when the magnet is pushed 
faster towards the coil, also current is large when 
magnet is pulled faster away but now it is in opposite 
direction. 

2. wyGiven, o=(5t° -100t +300), r= 25 
Induced electromotive force, 


do_ d 
Cae aE (St? -1001 +300) 


5x31? +100 = =5 x3 (2) +100 
=-5%12+100= -60+100 =40 V 


3, (d) When the A stops moving the current in B become 
zero, it possible only if the current in A is constant. If 
the current in A would be variable, there must be an 
induced emf (current) in B even if the A stops moving. 


4, (b) Induced emf across the ends of wire 
e = Bylv=0.30x 107 x 20x 5=3 mV 


5. No, this is because the magnetic field due to the current 
in coil (A or B) will be parallel to the plane of the other 
coil (Bor A). Hence, the magnetic flux linked with the 
other coil will be zero and so no current will be induced 
in it. 


= 


depicted in the figure. 

As, induced emf (e) «rate of change 

of magnetic flux (,) 

and $, = BA = BAcos 0 (} 
yy 

Hence, a change in current of wire 

will not create any emf in the loop. 

; Current in the wire is steadily increasing, so the induced 
current in rings 1 and 2 will flow in such a way that it 
Clear that the direction of induced current in 
(i) ring 1 is clockwise, (ii) ring 2 is anti-clockwise. 

Induced current 
1 OL clockwise 
I increasing) 


6. The flux created by straight current carrying wire is 
Here, BLA = $y = BAcos 90°= 0 
So, induced emf=0 
Opposes the increase of current. F 
So, it will flow in same direction. Now, from the figure, it is 
anti-clockwise 


» From Lenz's law, the direction of induced current is in 
clockwise sense, Ths implies that plate A of the | 
Capacitor is at the higher potential than plate B, i 
Will be negative plate, while A will be positive plate. 


* Since, magnetic flux increases, when the loop in : 
into a uniform magnetic field. So, the leaned 
Should oppose this increase. Thus, the flow wi 


QPSRQ, i.e. anti-clockwise. 


10. 


12. 


18. 


14. 


15. 
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(i) Large deflection in the galvanometer can be obtained 
when change in magnetic flux is fast. So, according to 
the diagram given in question, 

(a) by moving quickly, the coil C, towards C, or by 
moving quickly the coil C, away from C,. 
(b) by ‘hing off and on the key. 

(i) Alternating device in place of galvanometer can be 

LED or bulb. 


. (i) Due to varying current in P, the flux linked with P 


change and hence Q changes, which in turn induces 
the emf in Qand bulb Blights, where Pand Qare coils. 

(ii) When Q is moved left or it goes away from P, the 
lesser flux charge takes place in Q. This leads to 
decrease the value of rate of change of magnetic flux 
and hence, lesser emf and bulb B gets dimmer. 


(i) The induced emf in both the loops will be same as 
areas of the loop and time periods are same as they are 
identical and rotated with same angular speed. 


(ii) The current induces in Cu coil is more than Al coil as 


Cu coil has lesser resistance and Tae (for the 


same voltage). 


Lenz’s law states that the polarity of induced emf is such 
that, it tends to produce a current which opposes the 
change in magnetic flux that produced it. 


Yes, emf will be induced in the rod as there is change in 
magnetic flux. 


From the figure, it is clear that North pole of the magnet 
is moving away from coil PQ, so the direction of current 
at end Q will flow in such a way that it will oppose the 
away moment of North pole, so.it has to act as South 
pole, Hence, the direction of current will be clockwise. 
Again, the South pole is approaching towards coil CD, 
so end C of the coil will act as South pole (to oppose the 
approaching South pole). Hence, the direction of current 
will be clockwise. 

When a metallic rod held horizontally along East-West 
direction, is allowed to fall freely under gravity, ie. fall 
from North to South direction, the intensity of magnetic 
lines of the earth's magnetic field changes through it, Le. 
the magnetic flux changes and hence the induced emf in 
it. When we increase the number of turns, the induced 
emf will increase because induced emf is directly 
proportional to the number of turns. 


Since, loop is moving away from the wire, so the 
direction of current in the loop will be as shown in the 
figure. 


A D 
, tb 
8 c 


Ly Ty 


K 


Net magnetic field on the loop due to wire, 
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S194, 
Bpalolf1_ 1 ]_ git 22, (i) Here, the direction of magnetic ‘elds peg 

mle Tee : ieiy inwards to the plane of Paper, Ifa pM 
So, th ; Sd Snes) cule pape tara into a eiTeUla shape qe" 
the magnitude of the emf in the loop, irre tmgenses (therefore the cifcular loop hay an 
c= vBb = —Hoilv b aren than the Toop of itregular shape), so yh 
© Onx (+3) are tie ux linked also inereases. Now, the ng the 
16 ‘ magne s produced ina direction such j,0% 
. Angular velocity of rod, = 2%, where T = time period currenses the magnetic field, Ke. the current ity," 
is in such a direction, sO that the wire forming the he 
++ Charge in flux in one revolution = BA = B(n1?) is pulled invward in all alrestlons (ta deereay f 

7 'e. current is in anti- reek 
According to Faraday's law of EMI, magnitude of oo) 8 ection, 

uced emf, i , 

(ii), When a circular loop deforms into a narrow Straighy 


¢ = 40_ Bri? _ Bri? 
aT oT (2) 
o 


[: T= 2] Vine, the magnetic flux linked with it also decreas 
o The current induced due to change in flux will fy 

dich a direction that it will oppose the decrease « 

magnetic flux, so it will flow anti-clockwise. ie. alone 

adcba due to which the magnetic field produced yj 


= = S Bol! 
which is the required expression. be out of the plane of paper. 
17. On switching ON, the current in a galvanometer, the 23. Refer to text on page 255. 
24, Refer to text Example 9 on page 257. 


coil of the galvanometer does not come to rest 
immediately. It oscillates about its equilibrium position 
but the coil of a dead beat galvanometer comes to rest 
immediately. It is due to the reason that the eddy 
currents are set up in the metallic frame, over which the 
coil is wound and the eddy currents oppose the 
oscillatory motion of the coil. force on free electrons in an opposite 
18. When the switch is thrown from the OFF position direction. 

(open circuit) to the ON position (closed circuit), then ‘At equilibrium of Lorentz force, 
neither Bnor A and the angle between Band A does R45, =0 

where, F, = force due to electric field = gE 


not change. Thus, no change in magnetic flux linked with 
coil occur, hence no electromotive force is produced and : : 
F,, = force due to magnetic field = q(v x8) 


25. (i) Refer to text on page 255. 
(ii) During motion, free electrons are 
shifted at one end due to magnetic force. 

So, due to polarisation of rod electric 

field is produced which applies electric 


consequently, no current will flow in the circuit. ‘og 
19. When the coil is stretched, so that there are gaps a Paty eR} = 0 

between successive elements of the spiral coil, i.e. the E=-vxB=Bxv 

wires are pulled apart which lead to the flux leakage ied |E|= By sin® 

through the gaps. According to Lenz's law, the emf Case I If BE and v are collinear, then charge! 

produced must oppose this decrease, which can be done particle is moving parallel or anti-parallel. 

by an increase in current, So, the current will increase. Case ll Iv, £ and Bare mutually perpendicular 

8=90°, then Lorentz force is zero which me" 

particle will pass through the field without *) 


20. When the iron core is inserted in the current carrying 
solenoid, the magnetic field increases due to the 
etisation of iron core and consequently, the fl 
increases, According to Lenz's aw, ihe emf?produced 26. Suppose the length of the rod is greater than the radits 
of the circle and rod rotates anti-clockwise. Suppos* 


change, 


must oppose this increase in flux, which can be done by falas 
making decrease in current. So, the current will decrease, rection of the rod at any instant be along positive 
21. (i) As the magnet falls, the magnetic flux linked with the sere aeon and the direction of the magnetic field is 
fing increases. This induces emf in the ring which Thee naitive z-direction, 
opposes the motion of the falling magnet, hence a< g, ) using Lorentz law, we get the following, 
(ii) When current is suddenly swilched ON, magnetic lux F=~e(yx B)= F=-e(vjx Bk) 
linked with the solenoid and thus, with metal rin, ua F i ty Rell 
increases, Current is induced in the ring ie Th = at fe ixk 
anti-clockwise direction (as seen from top of the ring), - ee the direction of force on the electrons is alon’ " 
Since, the direction of flow of current in the ring is a in Thus, the electrons will move towards the Ct 
opposite to the paige : the solenoid, therefore they will e fixed end of the rod. This movement of elect’ 
i tI u j Te: il on i 
will repel each other and the ring jumps up. sf etccoc in current having the direction opposit® i 
ms and hence, it will produce emf in the 


ecromagnetic Induction 
# 


tetween the fixed end and the 
retObe the angle between the 
circle at any time f 


Point touching the ring, 
rod and radius of the 


‘Then, area swept by the rod inside the circle = 29 


amr BS 


di 1 dQ 
induced emf = B x —| — pp2g9)~ 
Now, in " ( tr’ 0) ; 


=n Bo = 5? Bony) =n By 
Qi. (i) Refer to text on pages 255 and 256, 

(ii) Refer to text on page 256. 

(iii) Refer to text on page 256. 

98. For statement of Faraday’s law of electromagnetic 
induction. Refer to text on pages 252 and 253, 
According to the given figure. 

Casel_ When PQ moves forward, 
(i) Foros x<b 
Magnetic field B exists in the region, 
<. Area of loop PORS = Ix 
+. Magnetic flux linked with loop PORS, 


O= BA = Bix 

> = Bix sei) 
(i) For 2b>x2b (b> x20) 

B=0 
+. Flux linked with loop PORS is a uniform and given 
by 

uli) 

Forward journey 
Thus, for b> x>0 
Flux, = Bix =>  « x 
For 22 x2b 
Flux, = Bol [constant] 
Backward journey 
For bS x< 2b, 

$= constant = Bbl 
For0<x<b, 

$= Bix [decreasing] 


Graphical representation 


Return 


' 
' 
' 
H 
$=BbI rT 
Ly fi bot 
o]/i i | 
1 
i 
b & 5 
pa 
Casell For b>x20, B=0 


As, o= Bix 


dh og de 

=> a Bi a Bul 
Inducedemf, p= a =~ vB 
For 2b2x2b, 

, ayy 
As, 4 =Bbl > 2-9 se=0 

dt 

Forward journey 
For b> x20 = e=-vBl 
For 2b2xzb—= e=0 
Backward journey 
For b> x20= e=vBl 
For 2>x>b, e=0 
Variation of induced emf 


emt 


-Bvl 


29. Here, A = 20cmx30cm=6 x10" m? 
B=03T 


Let 6 be the angle made by the field B with the normal to 
the plane of the coil. 


(i) Here, © =90° — 90° =0° 
So, flux, d= BA cos @ 
§=0.3X6 X10 x cos 0° 
=1.8x107 Wb 
(ii) Here, 6 = 90° -30° = 60° 
$= 0.3.x 6x10 x cos 60° 
=0.9x107 Wb 
(iii) Here, 8 = 90° 
=0.3X6 X10 x cos 90° 
g=0 
30. As we know that, e= & 


As, ast tar? + 2t 
So, e=iSt? +8r+2 
For t2s, eH x2 +x 242 


=604+16+2=78V 
31. Here, radius, r=10 cm =10" m, N = 500 turns 
Resistance, R = 2Q, 0, = 0°, 8, =180° 
dt =0.25s, e=?, 1=?, B=3x10° T, 
Az mr? =3.14 (10) = 3.14 x 107 m? 


32. 


33. 


34. 


Nido) __N (2-4) 
dt dt 

NBA (cos 8; ~ cos 04) 

dt 
_ 5003x107 x 3,14 x10-?(cos 180° — cos 0°) 
0.25 

= 2% 500% 3x 3.141077 
0.25 

x10 

R 2 

At any instant, flux passing through the ring is 

by 6=B-A = BAcos@ = BA 

or O=B,(ma*)cos at 

By Faraday’s law of electromagnetic 

induction, 

the magnitude of induced emf is 

given by 


=3.8x107 V 


1.9x107 A 


and I =. 


8=0) 
= B, cost] 


db 2 
e=— = B,(na*) wsinwr 
a iy( 720°) 


This causes flow of induced current, 
which is given by 
1 = B,(na*) wsinwt/R 


Now, finding the values of current at different instants. 
So, we have current at 


B,(ma*) 3 
= 2 lon 
R iB) 


At t= 
20 


Beeawe  sina@r=sin{ ao 22) =ein 2% 
2, 2 


Refer to Example 7 on page 256, By, = 58 x10°T 

The number of spokes is immaterial because the emf’s 
across the spokes are in parallel : 
Given, velocity of straight wire, w—om_ 
v=5m/s 

Horizontal component of the 

earth's magnelic field, 


B= 0.30 x 10° * WbAn® 


Length of wire, /=10m 

(i) The emf induced in the wire, ¢ = Bly sin@ 
Here, 0 = 90° 
~. sin @=1{+' wire is falling at right angle to the 
earth’s horizontal magnetic field component) 
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30x10" x 10x 5 


5x10 V 

: ing to the Fleming's right hand rule, ¥ 

(ii) According wnward, then the direction of induces 
ony 


force is dow : 

wil be from West to East. ; 

ction of induced emf is from West 1, 
i, 


if dire i i 
ui) feast ‘end of the wire is at higher potentiay 


35. Given, speed of. 5 
y= 1800 km/h = 1800 x ia 


jet plane, 


= 500 m/s 
and / = distance between the ends of the wings = 2m 


The magnitude of magnetic field, 
B=5x10'T 


Angle of dip, 8 = 30° 
Use the formula of motional emf, 
= Byw or e=(Bsin 8) wf 
[+ vertical component of the earth's magnetic field, 
By = Bsing] 
=e =5x10"' sin 30° x 500 x 25 =3.1V 
Thus, the voltage difference developed between the ends 
is3.1V. 
36. Refer to Example 7 on page 256, e =10 V 
37. Given, B=0.5T 
1=20cm=0.2m 
v=10ms* 
emf induced |e|=)Blv|=|-05 x 0.2x10|=1V 


=02A 


Current in the arm, J = 


ROS 
38. Here, area, A= 8x 2=16 cm? =16 x10"! m? 
B=03T, v=lcm/s=10° m/s 


Induced emf, e 
() When velocity is normal to longer side, 
!=8cem=8x10% m 
= Blv=03x8x107 x10™ 
=24x10°'V 
Induced emf lasts till the loop comes out of field 


Distance covered by coil in uniform 
magnetic fel 


Velocity of the coil 


Time, ¢ = 


—2%10* 
10? 
ii F 
(ti) When velocity is normal to shorter side, 
3 2em=2x107% m 
e 


= t=2s 


Blv=03 x 2 x10? x 107 
= 06x 194 y 
+ The induced voltage lasts for time; 


, roragnetic Induction 


Distance covered by coil in uniform 


ite magnetic field 
Wee ia 
Velocity of the coil 


gg, Given, = 20cm = 0.2 m, 
BeO.1T, v= 10cems~ 


=0.1ms7 


(i) Magnetic flux through loop $ = B-A = Bix 
Oqux = 01 *0.2%0.2 


=0004 Wb =4 x10 Wb 


+ 
9 (Wb) 
4x10 


TS) 
{i) Induced emf, e = “8 =-Bly 


OAL ya = O41 X 0.20.1 = 0,002 V 
=2x10°V 


v 
net : oO = 
(i) Induced current, 1 = a = oe =2x107A 
A 
2x10. 
Haag 1) 
-2x107 


Y 
0, Given, side of loop, a=12cm 
“Area of loop, A= 
Velocity, 


v=8cm/s=8%x10~ m/s 
Rate of change of magnetic field with distance, 


3 _ 10? Tem 


Ix 
Rale of change of magnetic field with time, 
4B _ 0? Ts 
at 


4? 
= (12° =144 cm? = 144 x10" 
[X-axis] 


[negative X-axis) 


Al 
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Resistance of the loop, R= 4.5 mQ = 4.5x107 Q 


Rate of change of magnetic flux with respect to time, 


dah) (i), te 
dt dt dt 


= 107% x 144 x 1074 
= 144 x 10° Whi/s 


Rate of change of magnetic flux due to the motion of 
loop, 
dx 


dB yt 19 crag x10 x8 


dt dx dt 
Le sls] 
dt 
= 11.52% 107 Wb/s 


Both of the effects cause a decrease in magnetic flux 
along the positive z-direction, 
Total induced emf in the loop, 


= BA] 


= 144 x10" + 11.52% 107° 
e= 1296x109 V 


-s 
Induced current in the loop = £ = 12.96% 107” 
4.5x10°? 


= 2.88107 A 


The direction of induced current is such as to increase 


the flux through the loop along positive z-direction, i.e. 
induced current will be anti-clockwise. 


Given, radius of coil, r = 8.0cm =8 x10? m 
N = 20turns, w =50rads~', 
B=3x10°T ,eg=2%€yy =? 


ay = 


Resistance, R=10.Q, P= 

As, €) = NABw = N (nr*) Bo (vA=nr] 
€) = 20x & x (8107)? X3x107 x50 
ey) = 0603V 


Average value of emf induced over a full cycle, 


arte 
Average power dissipated, 
oe oly _ 0.603 x 0.0603 


Py = 


2 2 
P,, = 0.018 W 
The induced current causes a torque opposing the 
rotation of the coil. An external agent (rotor) must 
supply torque (and do work) to counter this torque in 
order to keep the coil rotating uniformly. Thus, the 


source of power dissipated as heat in the coil is the 
external rotor. 


|TOPIC 2| 
Self and Mutual Induction 


INDUCTANCE 


Flux linkage of a closely wound coil is directly proportional 
to the current /, 


ive. Opel 
If the geometry of the coil does not varying with time, then 
Be dl 
a dt 


For a closely wound coil of NV curns, the same magnetic flux 
is linked with all rurns. The flux >, through the coil 
changes, each turn contributes to the induced emf. 
Therefore, flux linked with the coil (flux linkage) is equal to 
NO. In this case, 

Total flux, Nog! 

The constant of proportionality in this relation is called 
inductance. Therefore, inductance is basically a measure of 
the ratio of the flux to the current. 

The SI unit of inductance is the tesla-square metre per 
ampere (T-m*/A). We call this as henry (H), named in the 
honour of American physicist Joseph Henry, who 
discoveres the law of induction and a contemporary of 
Faraday and its dimensions are[ ML?T?A~]. 


Thus, 1H=1T-m7/A 


Inductance is a scalar quantity which plays same role in an 
electrical circuir as played by inertia in mechanics. It 
depends only on the geometry of the coil and intrinsic 
material properties. 


SELF-INDUCTANCE 


Ir is the property of a coil by virtue of which, the coil 
opposes any change in the strength of current flowing 
through ir by inducing an emf in itself. This induced emf 
also called back emf. When the current in a coil is switched 
ON, the opposes the growth of the current and when the 
current is switched OFF, the selfinduction apposes the 
decay of the current. So, self-induction is also called the 
inertia of electricity. 


Coefficient of Self-Induction 


Let us consider a coil of N turns carrying a current [, Leto 
be the magnetic flux linked with each turn of the anit 
Then, the number of flux linked through the coil will 


be Nog. 


0 magnetic mate ials (i etc.) are present 
ic materials (iron, ¢ : ‘ 
magneti sates ‘ 
ae then the number of flux linkages with a 
coil, ‘ & 
proportional to the current /, i.e © co) 


Nog@t or No,=ll 
efficient of self-inducy. 

where, Z is constant called the cor indi 

luctance of the coil. 

ion, we have 


Nos 
REG 


or self-i : 
By the above equati 


“A 


If f= 1, then L=NO5- 
the coefficient of self-induction of a coil j, 
al ro the number of magnetic flux linkage 
unic current is flowing through the coi, 


Hence, 
numerically equ 
with the coil when 
Ifon changing the current through the coil, the back enf 
induced in the coil be e, then by Faraday’s law, we have 


Adz _ AWW bx) 
N At At 


where, A (NV 9,)/At is the race of change of magnetic flux 
(due to change of current) in the coil. But No, =LI. 
ALI) _ pl 

Ar At 
where, AV/Ar is the rate of change of current in the coil. The 
negative sign indicates that the induced emf e is always in 
such a direction thac it opposes the change of current in the 
coil. From the above formula, we have 


alli) 


Al/ar 


If Al/At=1, then L=e (numerically). 


Hi i is 
ited i coefficient of self-induction of a coil i 
rate a 'y equal to the emf induced in the coil when He 
: pees of current in the coil is unity. 
he it of i 
fire unit of the coefficient of self-induction is henty (#) 
. is dimensions are IMU-T?A~], Thus, o 
self-inducta Pa coil j , f 
ee ie : coil is 1 henry when an induced em! 
tn the coi i 
rate of 1 ampere Ne coil due to a current changing * © 
Pere per second in the coil, ie 
1 volt 


] ampere/second 
= TVs Aq! = 1Wb Aw} 
1 henry 


T henry = 


Thus, as before, 1 14 


But from Eq, (7 
+, = | weber/ampere. 


gietromagmetic Induction 


emaller units for L are millihenry (mH) and 
johenty (HH). 
1mH=107* H, 1pH=10~ H 
\ghen two CoS of coefficient of selLinduction L, and L, are 
ig 0 connected in series, then L=L,+L, 


V4l4 
(9 connected in parallel, then 7 = tt 


G 
gelf-Inductance of Long Solenoid 


4 Jong solenoid is one whose length is very large as 
compared to its area of cross-section. The magnetic field B 
x any point inside such a solenoid is practically constant 


and is given by 
NI 
ato =[y nl [--=-4]..0 


where, Hy = magnetic permeability of free space, 
N = total number of turns in the solenoid, 
length of the solenoid 
and n= number of turns per unit length. 
+. Magnetic flux through each turn of the solenoid, 
= B x area of the each turn 


out 


where, A = area of each turn of the solenoid. 
Total magnetic flux linked with the solenoid 
= Flux through each turn x Total number of turns 


No=n. 14 xN 


) 


"ELis coefficient of self-inductance of the solenoid, then 
: NO=LI wedi 
From Eqs. (ji) and (iii), we get 


Uap, IA XN or | j 


Meote of any other magneric material jt is placed, then 
H=Ho p, [y, = relative magnetic permeability] 


pa obeN TA 
i 
Note 


ang This topic has been frequently asked in previous years 2015, 
2013, 2012, 2011, 2010 


AMPLE [1] Current in a circuit falls steadily from 
ae to 0.0 A in 10 ms. If an average emf of aM Vis 
= i e of the circuit. 

d, calculate the self-inductanc Sener 
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Sol. Given, Al=-2A, At =10x107"s 
e=200V, L=? 


-2 
ssnduced emf, e = 1-AL = 200=- b[ =} 
At 10x 10 


> 200= Lx 2x 10° 
~. Self-induction, L = 1 H 


EXAMPLE |2| what is the self-inductance of a solenoid 
of length 40 cm, area of cross-section 20 cm® and total 
number of turns is 800? 

Sol. Given, 1 = 40 cm= 0.4m 


A=20cm’ = 20x 10'm* 


N =800, L=? 
es HyN?A _ 4x 10°” x (800)° x 20x 10° * 
i 04 
= 4.02x10°H 


EXAMPLE |3| In the circuit diagram shown in figure, 
R=100, L=5H, F=20V, [=2A. This current is 
decreasing at a rate of -1.0A/s. Find V,, at this instant. 


a 


R | F 
——- | 


to 


L 
THOTT 


Sol. Potential difference across inductor is given as 
dl 
V, = L—=(5)(- 1L0)=-5V 
Lele (5) - 1.0) 
Now, using Kirchhoff's second law, V, ~ IR- V, - E = Vy 
. Vy =V,-Y=E+IR+V, 


= 20 +( 2)(10)-5 
=35V 


Energy Stored in an Inductor 


The energy of a capacitor is stored in the electric field 
between its plates. Similarly, an inductor has the capability 
of storing energy in its magnetic field, 


I (Increasing) 


An increasing current in an inductor causes an emf between 
its terminals, 


The work done per unit time is power, 


Wel 
Pe dt ia me 
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From dW =-du 

or aw dU 
Wr SS awe have 

dU dl 

a ul a 

pe dU =L1 di 


The total energy U supplied while the current increases from 
zero to a final value / is 


U=Lfi tal ayur 


zs [weu-tie 
2 


he 
Energy stored per unit volume(V’) in magnetic field is known 
as energy density. 


| Energy density = - 


2 Bo 


Thus, if /=1A, then 2W =L 

Hence, the coefficient of self-inductance is equal to owice the 
work done in establishing a flow of one ampere current in the 
circuit. 

EXAMPLE [4] Two coils having  self-inductances, 
1, =5mHandL, = 1mH The current in the coil is increasing 
at same constant rate at a certain instant and the power 
supplied to the coils is also same. Find the ratio of 


induced voltages (ii) currents 
(iii) energy stored in two coils at that instant. 


Sol. Given, L, = 5mH and L, =1mH 
(i) As we know, induced voltage is given by e = at 

it 
e, _ L(di/dt)_ 1, _5 


a Behl) hy 5 5, ‘A 
ey Lp(diidt) Ly 1 i) 
{ii) Power in the coil is given by 
Peel 
Here, R=P, = el, =e,1, = 4 
2 ey 
Using Eq. (i), we can write as, - eheyig 
5 
a 


(iii) Energy stored in a coil is given by U = 1 2 
2 

Uy _ WLI bs e 
Uz, (1/2)L,13 ¢ 
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be of volu 

2 PLE [5| Suppose a cu Me 2mm3, 
at the aie of a circular loop of ragiy,". 
Evil current 2A. Find the magnetic energy Sty 
inside the cube. 


Sol. 4 


Magnetic field at the centre of the circular logp is 
Hot 
iven byB= = 
given byB= 7 


We know, energy density, LL =—— and energy stores 


2u 
; 
in the cube will be given by 

Va 


URW =a 


where, V, is the volume of the cube 
Substituting the values in the above equation, 


Jdeg (uz) » Z 
2M 2R 


dmx 107 x 2? x 2x10 “4 
aot ae ee = ox 1] 


8x (0,05)" 


MUTUAL INDUCTANCE 


The phenomenon according to which an opposing ems 
produced in a coil (ie. primary coil) asa result of change 
in current or magnetic flux linked with a neighbouring 
coil (i.e. secondary coil) is called mutual induction. 


Mutual induction 


Coefficient of Mutual Induction 


Let a current of 7 
Due to this curre 


\ampere flows in the primary a! y i 
2 nt, the magnetic flux linked with 

OF na nike secondary coil (S) bey. IF, isthe mu 
linkages i ue secondary coil, chen the number o fi 
link: © coil will be N >. This number of the 


8¢S is proporti eer; 
A Proportional to ing 
primary coil, iv. the current J, flowing 


N21, or Nx, = Ml, 


tic Induction 
romagne 
pee’ 


M isa constant called the coefficient of mutual 


eo or mutual inductance of the two coils, From the 
i_duc 


ee equation, we have 
dl 
M= 
itl, 2 then M=N 4, 


Hence, the coefficient of mutual induction of two coils is 
fences : ; 1 
: yal to the number of magnetic flux linkages in one coil 
Ss a unit current flows in the other, 
fon changing the current in the primary coil, the emf 
induced in the secondary coil is ¢,, then according to 
faraday’s law, we have 
—_y bbe ACM a) 
(= -N) 7s -— 

. Ar At 
where, A6 /At is the rate of change of magnetic flux in the 
secondary coil (due to change of current in the primary 
coi), But V0, = MI,. 

AMI) AL, 
¢y=-— yo 
At At 

where, A/,/At is the rate of change of current in the 
primary coil. The negative sign indicates that thé direction 
of emf induced in the secondary coil is always such that it 
opposes any change in current in the primary coil. 
From the above expression, we have 


Mutual inductance, M =~ a ny 


WAN [dt =1, then M =e, (numerically). 


Hence, the coefficient of mutual induction of two coils is 
‘qual to the numerical value of the induced emf in one coil 
When the rate of change of current in other coil is unity. 
Sl unit of the coefficient of mutual inductance is henry 
} Thus, the mutual inductance of two coils is | henry 
fen an induced emf of 1 volt is set up in one of them due 


a current changing at the rate of 1 ampere per second in 
other, 


lig, Thenry'= lvolt 


1 ampere/second 
IH=1VsA7'=1 Wb AT 
of, ot ficient of mutual induction or mutual inductance 
id coils depend on 
y Beometry of two coils, i.e. size of coils, their shape, 
Number of turns, nature of material on which evo 
a. Coils are wound. 
1 distance berween two coils. : 
iii telative placement of two coils (i.e. orientation of the 
‘Wo coils). 


or 
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Mutual Inductance of 
Two Long Coaxial Solenoids 


Consider two long solenoids 5, and 5, of same length /, 
suich that solenoid 5, surrounds solenoid 5, completely. 


Two long coaxial solenoids of same length 


Let 2 be the number of turns per unit length of S,,2, be 
the number of turns per unit length of S;, /, be current 
passed through solenoid 5, and 05, be flux linked with 5; 
due to current flowing through 5). 

$y el or by, = My I, 
where, M >, is the coefficient of mutual induction of the 
two solencids. 
When current is passed through solenoid 5), an emf is 
induced in solenoid $,.Magnetic field produced inside 
solenoid S, on passing current through it. 

By = Mon L, 

Magnetic flux linked with each turn of solenoid S, will be 
equal to B, times the area of cross-section of solenoid Si. 
Magnetic flux linked with each turn of the solenoid 
Sy = BA. 
Therefore, total magnetic flux linked with the solenoid S, 
will be ° 

$4 =BAXnyl 

= Mom LX AXnL 

Oy SNom nga dl 

My, =Wonyny Al wn(i) 
Similarly, the mutual inductance berween the nwo 
solenoids, when current is passed through solenoid S, and 
induced emf is produced in solenoid Sj and is given by 

My, =Wonyny Al 

My =My=M 


Hence, coefticient of mutual induction between tw 
solenoids, 


(say) 
‘0 long 


Msftynyny Al 
We can rewrite Eq. (i) as, 


N 2 2 
M =n) )ee xl 


_ MoMA 
l 
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If core of any other magnetic material {1 is placed, then 


(are Bettas | 
i 


Wote This topic has been tre ir i 
ic quently asked in previous years 2018, 
2013, 2012, 2011. 2010 . s 


EXAMPLE |6| There are two coils, which have mutual 
inductance of 10 H. When the circuit is closed, current in 
the primary coil is raised to 3 A within a time range of 
1 millisecond. Calculate the emf induced in secondary coil. 
Sol. Given. mutual inductance, M= 10H 

Change in current, dl =3A 

Change in time, dt =1 millisecond = 107s 

emf induced, e =? 


Mar 
emf induced in secondary evil is given by e =" 
2. emf induced = = =3x10'V 

1 


EXAMPLE |7| A1m long solenoid with diameter 2 cm 
and 2000 turns has a secondary coil of 1000 turns wound 
closely near its mid-point. What will be the mutual 


inductance between the two coils? 


2 i 
Sol. Given. 1 =1m.r= om sie =10 *m 


N, = 2000,N, =1000,A = mr? = 1 (107)? m? 


= 


= 71x10 'm*, & 
‘. Mutual inductance between the two coils is given by 
py aHoNiNaA _ 42x10" x 2000x1000 x m x10" 
! 107 
= 789x107 


EXAMPLE |8| A circular wire 
loop of radius R is placed in 
the X¥-plane centred at the origin 
0. A square loop of side a (a << R) 
having two turns is placed with its 
centre at z = V3 Ralong the axis of 
the circular wire loop, as shown in 
figure. The plane of the square loop 
makes an angle of 45° with respect 
to the Z-axis. If the mutual inductance between the loops is 
Ho @ 
2r/? R 


given by then find the value of p. 
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ircular loop, th 
through the circular loop, then 
sae oe fast the location of square loop is 
magnetic fic! en 
jee 

QR? + Z*p? 

substituting the value of Z = V3R, we have 
Hol 


Now, total flux through the square loop is 
Gp = NBS cos 0 


=(2) (44) a’ cos 45° 
16R 


Mutual inductance, 


pa? 


AC GENERATOR 


An AC generator produces electrical energy from 
mechanical work, just the opposite of what a motor does. 
In it, a shaft is rotated by some mechanical means, such as 
an engine or a turbine starts working and an emf is induced 


in the coil. 


Principle 
It is based on the phenomenon of electromagnetic 


induction which states that whenever magnetic flux 
linked with a conductor (or coil) changes, an emf i 
induced in the coil, 


Main Parts of an AC Generator 


Main Parts of an AC generator are shown in the figure 
and discussed as given below 

Saat A rectangular coil ABCD consisting of a large 
number of turns of copper wire wound over a soft ito4 
core is called armature. The soft iron core is used ® 
increase the magnetic flux, 

Field magnets Two 


ie elect 
romagnet, pole pieces of a strong 


Slip fings The ends of the coil ABCD are connected ® 
© hollow metallic tings R, and R. 
ae 


Brushes By and B. 


carbon rods, Th 
with Ry-and R 


: of 
2 ate two flexible metal plates 
: ct 
Cy are fixed and are kept in slight co™ 


4 tromagnetic Induction 
le 


‘Axis motion 


mate, 10) 


Field 
magnet 


Brush.B, ES Slip ting.a, 
nm 
Slip ing. Ry @) Suh be 


AC generator 


Theory and Working 


Asthe armature of coil is rotated in the uniform 
magnetic field, angle © between the field and 
aormal to the coil changes continuously, 

Therefore, magnetic flux linked with the coil 
changes and an emf is induced in the coil. 
According to Fleming's right hand rule, current 
induced in AB is from A to Band itis from C to 


Din CD. In the external circuit, current flows 
from B, to By, 


To calculate the magnitude of emf induced, 
Suppose 


AS area of each turn of the coil, 
N= number of turns in the coil, 
B= strength of magnetic field, 


8= angle which normal to the coil and B 
at any instant 7. 


+Normal 


Magnetic ux linked with che coil inthis 
Position, 
= N(B-A) 
= NBA cos® 004) 
= NBA costt {..8= 
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where, @ is angular velocity of the coil and other symbols have usual 
meaning. 


As, the coil rotates, angle @ changes. Therefore, magnetic flux @ linked 
with the coil chan; 


ges and hence, an emf is induced in the coil. At this 
instant ¢, if ¢ is the emf induced in the coil, then 


=- “ (NAB cos wr) 


=— NAB x (cos wé) 


=~ NAB (-sin wr) @ = NAB sin wt 
where, NBA @ is the maximum value of the emf 
value) which occurs when sin c@r=t), 


WNBA @=ey, then e=ey sinor 


(also called peak 


Since, the value of the sine function varies between +1 and —1, So, the 
polarity of emf changes with time, The emf has its extreme value 
when 0 = 90° or 8 = 270° as the change of flux is greatest at these 
points. The direction of the induced emf (and hence current) changes 
periodically as shown in the figure given below. Therefore, the current 
is called alternating current. 


Since, @=2nv 
: e=egsin2ave 


where, V is the frequency of revolution of the generator’s coil, 


Direction of 
magnetic 
field 
Induced | 
emt | 
0 Time — 
H 
Hl 
H 
i 
oO 


In commercial generators, the mechanical energy required for 
rotation of armature is provided by water falling from height, e.g. 
dams. These are called hydroelectric generators. 

If the steam at high pressure is used to produce the rotation of 


armature, these are called thermal generators. Instead of coal, if a 
nuclear fuel is used, we get nuclear power generators. 


Note | In india, the frequency of generation of AC is 0 Hz 
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EXAMPLE [9] An AC generator consists of a coil of 
1000 tums and cross-sectional area of 100 cm’, rotating at 
an angular speed of 100 rpm in a uniform magnetic field of 
3.6 x 10° * T. Calculate the maximum emf produced in the 


coil. 


Sol. Given, N =1000, A = 100 em? =10% m?, 


100 
V=100 rpm = —rps, 
‘pm =p 


B=36x10"T, e, =? 
+: Maximum emf produced in the coil is 
€o = NBA w = NBA (2nv) 
= 1000 3.6107? «107? x 2x 22 x 100 
7 60 


=377V 


TOPIC PRACTICE 2] 


OBJECTIVE Type Questions 


1. 


The self-inductance of a coil is 2 mH. The rate 
of flow of current in it is 10° A/s. The induced 


electromotive force in the coil is 
(av (b)2V 
()3V (dav 


The self inductance L of a solenoid of length / 
and area of cross-section A, with a fixed 
number of turns Nincreases as 

(a) / and A increase 

(b) / decreases and A increases 

(c) I increases and A decreases 

(d) both / and A decrease 

If a medium of relative permeability 1, had 
been present instead of air, the mutual 
inductance would be 

(a) M=y,Hgn,n,nr,1 (b) M=onjnymrel 
() M=—,nn,mrl  (d) M =H, Monn, tre] 


Two coils are placed close to each other, The 

mutual inductance of the Pair of coils depends 

upon 

(a) the rates at which currents are changing in the 
two coils 

(b) relative position and orientation of the two coils 

(c) the materials of the wires of the coils 

(d) the currents in the two coils 
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earca of the coil €Xposcd to the 


5. The effective | lines changes with time, the fluy 


magnetic fie 
at any time is 


@) On = BA cotwt 
(b) 6, = BA cos wt 
() oy = BA tan ot 
(d) 6, = BA sect : | 
VERY SHORT ANSWER Type Questions 


6. Cana straight wire act as an inductor? 


7. Define the term self-inductance of a coil. Write 
Delhi 2015 


its ST unit. 
8. How can the self-inductance of a given coil 
having N number of turns, area of cross-section 


Aand length /be increased? 

Foreign 2009; Delhi 2012 

9. Aplot of magnetic flux () versus current (1) is 
shown in the figure for two inductors 4 and B. 
Which of the two has larger value of 


self-inductance? 
% A 


Delhi 2010 


I 


10. Self-induction is called the inertia of electricity. 
Why? 
11, ; 
Define mutual inductance. Write its SI unit. 
Delhi 2016 


12. Ho 
W does the mutual j ‘ 
i ‘ual inductai air of 
coils change when nce of a p: 
i) di 
a hacia between the coils is increased and 
mber of turns in the coils is increased? 


13 

SHO! waa 

ay ANSWER Type Questions 

- Asou i 

through ae si is Used to establish a current! 

he work ehh Of self-inductance L . Show tht 

: ne by the source to build up the 

urrent ris 1732 106 
3 Delhi 20 


vr 


greet? 


magnetic Induction 


(4 pefine mutual inductance between two long 


coaxial solenoids. Find out the expression for the 
mutual inductance of inner solenoid of length ! 
paving the radius r, and the number of turns ny per 
unit length due to the second outer solenoid of 
same length and n, number of turns per unit 
jength. Delhi 2012 


{5. Two concentric circular coils, one of radius r and 


the other of radius R are placed coaxially with 
their centres coinciding. For R >>> r, obtain an 
expression for the mutual inductance of the 
arrangement. Delhi 2011 


. Asmall square loop of wire of side lis placed 


inside a large square loop of wire of side L(L >> J). 
The loops are coplanar and their centres coincide. 
Give the dependence of mutual inductance, 


LONG ANSWER Type I Questions 


17. (i) Define self-inductance. Write its SI units, 


(ii) Derive the expression for self-inductance of a 
long solenoid of length /, cross-sectional area A 
having N number of turns. Delhi 2009 


18, Starting from the expression for the energy, 


20. 


We pur, stored in a solenoid of self-inductance L 


to build up the current J, obtain the expression for 
the magnetic energy in terms of the magnetic field 
B, area Aand length / of the solenoid having n 
number of turns per unit length. Hence, show that 
the energy density is given by B?/2 io. 

Delhi 2013C 


. The current through two inductors of 


self-inductance 12 mH and 30 mH is increasing 

With time at the same rate. Draw graphs showing 

the variation of the All India 2017 C 

(i) emf induced with the rate of change of current 
in each inductor. : 

(ii) energy stored in each inductor with the current 
flowing through it. 

Compare the energy stored in the coils, 

power dissipated in the coils is the same. 

nce’ and write its 


if the 


(i) Define the term ‘self-inductal 
SI unit. 

(ii) Obtain the expression for the mutual da 
inductance of two long coaxial solenoias Ss : 
S, wound one over the other, each or ene im — 
and radii r, and 72; andn, andnz mons ate 
per unit length, when a current Tis st 


Delhi 2017 
outer solenoid 52. 
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2A. Define mutual inductance between a pair of 
_ coils. Derive an expression for the mutual 
inductance of two long coaxial solenoids of 
same length wound one over the other. 
All India 2017 


22. (i) Draw a schematic sketch of an 
AC generator describing its basic 
elements. State briefly its working 
principle. Show a plot of variation of 
(a) magnetic flux and 


(b) alternating emf versus time generated 
by a loop of wire rotating in a magnetic 
field. 

(ii) Why is choke coil needed in the use of 
fluorescent tubes with AC mains? 
Delhi 2014 


State the principle of an AC generator and 
explain its working with the help of a 

labelled diagram. Obtain the expression for 
the emf induced in a coil having N tums each 
of cross-sectional area A, rotating with a 
constant angular speed w in a magnetic field 
(B), directed perpendicular to the axis of 


rotation, CBSE 2018 


LONG ANSWER Type II Questions 
24, 


23. 


(i) Describe a simple experiment (or activity) 
to show that the polarity of emf induced in 
acoil is always such that it tends to 
produce a current which opposes the 
change of magnetic flux that produces it. 

(ii) The current flowing through an inductor 
of self-inductance L is continuously 
increasing. Plot a graph showing the 
variation of 
(a) magnetic flux versus current. 

(b) induced emf versus dI/dt. 
(c) magnetic potential energy stored 


versus the current, Delhi 2014 


25. (i) Define mutual inductance and write its SI 
units. 
(ii) Derive the expression for the mutual 
inductance of two long coaxial solenoids 
of same length wound one over the other. 


(iii) In an experiment, two coils C, and C, are 
placed close to each other. Find out the 
expression for the emf induced in the coil 
C, due to a change in the current through 
the coil C,. All India 2015 
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26. 


27. 


28. 


29. 


(i) Explain the meaning of the term mutual 


inductance. Consider two concentric 
circular coils, one of the radius r and the 
other of radius (rh <ry) placed coaxially 
with centres coinciding with each other. 
Obtain the expression for the mutual 
inductance of the arrangement. 


(ii) A rectangular coil of area A, having number 
of turns N is rotated at f revolutions per 
second in a uniform magnetic field B, the 
field being perpendicular to the coil. 

Prove that the maximum emf induced in the 


coil is 2nf NBA. All India 2016 


(i) Draw a labelled diagram of AC generator 
and state its working principle. 

(ii) How is magnetic flux linked with the 
armature coil changes in a generator?. 

(iii) Derive the expression for maximum value of 
the induced emf and state the induced emf 
and state the rule that gives the direction of 
the induced emf. 

(iv) Show the variation of the emf generated 
versus time as the armature is rotated with 


respect to the direction of the magnetic 
fields. Delhi 2014 


(i) State the principle on which AC generator 
works. Draw a labelled diagram and explain 
its working. 

(ii) A conducting rod held horizontally along 
East-West direction is dropped from rest 
from a certain height near the Earth’s 
surface. Why should there be an induced 
emf across the ends of the rod? 

Draw a plot showing the instantaneous 
variation of emf as a function of time from 
the instant it begins to fall. Foreign 2012 


State the working of AC generator with the help 
of a labelled diagram. The coil of an AC 
generator having N turns, each of area A, is 
rotated with a constant angular velocity w, 
Deduce the expression for the alternating emf 
generated in the coil, What is the source of 
energy generation in this device? Delhi 2010 


NUMERICAL PROBLEMS 


30. 


A200 turn coil of self-inductance 30 mH 
carries a current of 5 mA. Find the magnetic 
flux linked with each turn of the coil. Delhi201] 


31. 


32, 


33. 


34. 


35. 


36. 


37. 


38, 


39. 


40. 


| Allfnone | PHYSICS Clasy tay 


n of an air core inductor increase 
0 10 mH on introducing an jy, 
at is the relative permeability of 


Self-inductio 
from 0.01 mH t 
core into it. whi 
the core used? 
na circuit falls from 5.0 Ato 0.0 Ain 
¢ emf of 200 V is induced, Bive 
If-inductance of the Circuit 
NCERy 
If arate of change of current of 4 As induces 
an emf of 20 mV ina solenoid, what is the 
self-inductance of the solenoid? Delhi ory 


Along solenoid with 15 turns per cm hasa smal] 
loop of area 2.0 cm” placed inside, normal to 
the axis of solenoid. [f the current carried by the 
solenoid changes steadily from 2 Ato 4 Ain 
0.15, what is the induced voltage in the loop, 
while the current is changing? NCERT 


Current i 
O.1s. Ifan averag' 
an estimate of the se 


Acoil has a self-inductance of 10 mH. What is 
the maximum magnitude of the induced emf in 
the inductor, when a current J = O.1sin 200t 


ampere is sent through it. 


Asolenoid of radius 3 cm and length 1 m has 
600 turns per metre. Calculate its 
self-inductance. 

The current flowing in the two coils of 
self-inductance L, = 16 mH and L, = 12 mH are 
increasing at the same rate. If the power 
supplied to the two coils are equal, find the 
ratio of 

(i) induced voltages (ii) the currents and 


(ii) the energies stored in the coil at a given 
instant, Foreign 2014 


Apair of adjacent coils has a mutual inductance 
of 1.5 H. Ifthe current in one coil changes from 
0 to 20 Ain 0.5 s, what is the change of flux 
linkage with the other coil? Delhi 2016 


Two coils have mutual inductance of 1.5 H. If 
current in primary coil is raised to 5 Ain one 
millisecond after closing the circuit, what is the 
emf induced in the secondary coil? 


be are two coils 4 and B separated by some 
a ae Ifa current of 2 A flows through A.# 
(reat fx OF 10°? Wh passes through B 
nace an through 8). If no current passes B 
What ee anda current of | A passes throug 
atis the flux through 4? Neener xem 


fh tromagnetic Induction 
’ flet 


| 4, The flux linked wath a large circular coil of 

| radius R is 0.5 x10™* Wb, When a current of 
0.5 Aflows through a small neighbouring coil of 
radius r, calculate the coefficient of mutual 
inductance for the given pair of coils. If the 
current through the small coil suddenly falls to 
zero, what would be its effect in the larger coil? 

Delhi 2008 
42, An AC generator consists of coil of 100 turns 

and cross-sectional area of 3 m?, rotating ata 
constant angular speed of 60 rads” ina 
uniform magnetic field 0.04T. The resistance of 
the coil is 500 Q . Calculate (i) maximum 
current drawn from the generator and (ii) 
minimum power dissipation of the coil, 


HINTS AND SOLUTIONS 


1. (0) Given, coefficient of self-inductance, 
L=2x10°H ° 
Rate of flow of current, di/dt =10° A/s 


Induced electromoture force, 


al vax Veav 
dt 


n 


(b) The self-inductance of a long solenoid of 
cross-sectional area A and length /, having n turns per 
unit length, filled the inside of the solenoid with a 
material of relative permeability (e.g,, soft iron, which 
has a high value of relative permeability) is given by 
L=p, ur Al 

n=NiL 

(4) Air as the medium within the solenoids. Instead, if a 
medium of relative permeability 1, had been present, 
the mutual inductance would be M =[1,|Lonyngmnél. 


where, 


» 


Itis also important to know that the mutual inductance 
of a pair of coils, solenoids etc., depends on their 
Separation as well as their relative orientation. 
+ (b) Mutual inductance of the pair of coils depends on 
distance between two coils and geometry of two coils. 
(b) The effective area of the coil exposed to the magnetic 
field lines changes with time, the flux al any time tis 
$5 =BA cos = BA cos wt 
- A straight wire cannot act as an inductor as the 
Magnetic flux linked with the wire of negligible area of 
Cross-section is zero. The wire has to be in the form ofa 
Coil to serve as an inductor. 
Self-inductance is the property ofa coil by virtue of ? 
which, the coil opposes any change in the strength o i. 
Current flowing through it by inducing an emf in itself. 
ts St unit is henry (4). 


~ 


~ 


10, 


nh. 


12. 


13. 
14. 


15. 


16, 
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‘The self-inductance can be increased with the help of 
electric fields. It does not depend on the current through 
circuit but depends upon the permeability of material 
from which the core is made up off. 


). Self-inductance of the inductor, L = 6/1. 


The slope of /- graph gives self-inductance of the coil. 
Inductor A have got greater slope than inductor B, 
therefore self-inductance of A is greater than 
self-inductance of B. 


Self-induction of coil is the property by virtue of which 
it tends to maintain the magnetic flux linked with it and 
opposes any change in the flux by inducing current in it. 
This property of a coil is analogous to mechanical 
inertia, i.e. why self-induction is called the inertia of 
electricity. 

The phenomenon according to which an opposing emf 
is produced in a coil as a result of change in current of 
magnetic flux linked with a neighbouring coil is called 
mutual induction. 

Its SI unit is henry, 


(i) As 6 = MI, with the increase in the distance between 
the coils, the magnetic flux linked with the secondary 
coil decreases and hence, the mutual inductance of 
the two coils will decrease with the increase of 
separation between them. 

(ii) Mutual inductance of two coils can be found out by 
M=oN,Ny Al, ie. Me: N,N, so with the 
increase in number of tums, mutual inductance 
increases, 


Refer to text on pages 269 and 270. 
Refer to text on pages 271 and 272. 


The magnetic field produced by current carrying large coil 
C, in the vicinity of small coil C, is given by 


a =ltah 
2R 
‘The magnetic flux linked with shorter coil C, is given 
ewe 
by = BA, = Hoh ape 
OR 


Horr? 
OR 

Magnetic field produced by 

of wire of side L is given by 


_ Wate 
MASE 


Mutual inductance, M = henry 


current carrying square loop 


The magnetic Nux linked with shorter square of side | is 
given by 


2v At gl 
d= BA, = Maly 


- Mutual inductance, M = % = 
1 

Rp 

=> M«— 


2N2p I 
—— he 
2L enry 
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uf Refer to text on Pages 268 and 269, 

S. Energy stored in the magnetic field, 
HoN?ZA BAP 
1 Rn? 


cepa HONEA 
3 


wely 
2 


esti 
mu 4 


Energy density, 


Energy _ 2j a B 
up = BY - Zio [volume = Al] 
Volume AL Ao 
19. Given, L, =12 mH, L, = 30 mH 
Also, H.-H 
dt dt 


(i) Induced emf in the inductors, |e] = L a 
it 


As, 


ek 


= 


Thus, graph of versus for two inductors is as shown 


in figure. A 
Ls 


gw _, 
at 
1,>Ly 


dt 
«For the given, e, > ¢. 
For the given ©, ¢3> ¢ 


(i) Energy stored in inductor, U = : ue 


For a given L, U «J? 
Thus, U versus I graph is curved as shown in the figure. 


t 


uU 


Given, F, =P, 


aI 
| Allyone | PHYSIcs Chai, 
i 


32 [Le (al at) 
30 | L, (dt (de 


0 
ae «(2) me 
=\30)" i2] 12 

efer to text on page 268. 


(ii) Refer to text on Pages 271 and 272, 


21. Refer to text on pages 271 and 272. 
22. (j) Refer to text on pages 272 and 273, 
(a) Variation of magnetic flux with time 


9 


20. (i) R 


= BNA cos wt 
(b) Variation of alternating emf with time 


e 


e = BNA ®cos Wt 
(ii) The choke coil is used to reduce the current 
Therefore, it is required in the use of fluorescent tubes 
with AC mains. 
23. Principle 
An AC generator is based on the phenomenon of 
electromagnetic induction which states that whenever 
magnetic flux linked with a conductor (or coil) changes 
an emf is induced in the coil. 


Axis motion 


Armature 


c 
--7 


| 
D 


AC generator 


24, 


A somagnetic Induction 


waking an 
5 the armature of coil is rotated in the uniform 
genetic field, angle @ between the field and normal to 
the coll changes continuously 
Therefore. magnetic flux linked with the coil changes 
and anemf is induced in the coil, According to 
Fleming's Tight hand rule, current induced in AB is from 
‘ato Band it is from C to Din CD. In the external 
qarcuit, current flows from B, to B,. 
To calculate the magnitude of emf induced, suppose 
‘Az area of each turn of the coil, 
N= number of turns in the coil, 
pe strength of magnetic field 
and = angle which normal to the coil makes with B 


at any instant f. 
.Normat 


% Coil 


, Line 
La 


N 


Magnetic flux linked with the coil in this position, 


o=N (B-A) 
or = NBA cos 0 
$= NBA cos wt 


where, @ is angular velocity of the coil and symbols 
have usual meaning. 


‘As we know, due to the rotation of the coil, an emf is 
being induced. 

Thus, at this instant ¢, ife is the emf induced in the coil, 
then 


e=- 4 was cos wt) 
dt 


e=— NAB + (cos wt) 
dt 


or =e =~ NAB(-sin wt) = NAB sin ot 


where, NBA @ is the maximum value of the emf (also 
called peak value) which occurs when sin Of = 4 


INBAw =e,,then ¢ = ¢ sinot 
the polarity ofthe induced 


i) Accord slaw, ; 
(i) According to Lenz’s law, aoe age in magnetic DUE 


emf is such that it opposes # 
responsible for ils production. 
Refer to text on pages 253 and 254. 

(ii) (@) Magnetic flux versus current 
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(b) Induced emf versus 


=> 


di. ai : ‘ 
ay Positive, and e is negative and constant. 


(c) Magnetic potential energy stored versus current 


v= 
2 
U 
= 
=> UeL 


25. For parts (i) and (ii) refer to text on pages 270, 271 


and 272. 
(iii) Suppose that @ current [is flowing through the coil C, 
at any instant. Flux linked with the coil C, is given by 
be l= O= MI 
where, Mis the coefficient of mutual induction. If e is 


the induced emf produced in the coil C,, then 
dod dl 
=-2=-*(Mn=-M— 
erat at ) dt 


26. (i) Whenever the current passing through a coil or 


circuit changes, the magnetic flux linked with a 
neighbouring coil or circuit will also change. Hence, 
an emf will be induced in the neighbouring coil or 
circuit, This phenomenon is called ‘mutual induction’. 
According to question, let the current in big coil of 
radius y be {,, so magnetic field at point O due to this 
coil will be Hod, 


% 


hy 
) 
Ly 
/ 
Change in magnetic flux in the coil of radius ¥ is 
b= BAS Hols semen? 
2 
Mutual inductance, 
2 
ad a Helite _ Hoth 
I, 2mxk 2n 


This is the required expression. 
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(i) According to question, if the coil rotates with an 


angular velocity of @ v 

eee ee y a feo and Nturns through an angle 0 
es _ O= BAcos0 = BA cost 

As the coil rotates, the magnetic flux linked with it 
changes, An induced emf is set up in the coil which is 
given by 


—dp_ -d 
= —— = —(BAcos of, 
dt ar’ ensait) 
= BAwsinwt 


For N number of turns, e = NBAwsinwt 
For maximum value of emf @t must be equals to 90°. 
So, maximum emf induced is = NBAO. 


ie. e = NBA2nf [eo = anf) 


27. Refer to text on pages 272 and 273. 
28. (i) Refer to the text on pages 272 and 273. 


(i) As the earth's magnetic field lines are cut by the 
falling rod, the change in magnetic flux takes place. 
This change in flux induces an emf across the ends of 
the rod. 

Since, the rod is falling under gravity. 


v= gt (eu=0] 
Induced emf, 
e=Bly > e=Blgt 
* eet 
t 
e 
> 


29. Refer to text on pages 272 and 273. 


30. 


Direction of induced emf can be determined using 
Fleming's right hand rule given below. If we stretch the 
thumb and the first two Fingers of our right hand in 
mutually perpendicular directions and if the forefinger 
points in the direction of the magnetic field, thumb in 
the direction of motion of the conductor, then the 
central finger points in the direction of current induced 


in the conductor. 


Ne i 
om col 


Let 6 be the magnetic flux linked with each of the 
N turns of the coil. 
Then, Ne! 
= Nozio o=4 
N 


30x10"? x5x10"* 
200 


7.5% 10°’ Wb 


31. Here, L, = 0.01mH =10° H 


L=10mH =10° H 
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L 3 
ebst a1 
H, = 2B = 7 0% 
a 1, 21000 
2, 4 Hyrefer to Example 1 on Page aby 
dl “1 
33. Here, 7, =4 As 
ee je}=20mv = [e|=20%10 9 V 
= 
pete 
3 
_ 20X10" 5x 107 H=5 mH 
= 4 


34, Here, number of turns per unit length, 
N _ 45 turns/em = 1500 turns/m 


A= 200m? = 2x10‘ m* 
2 or dt _20As" 
dt 
d 
‘ == (BA) 
x a 


NY ay, (%) 
(uM )-a0 (Tz 


=(2x107*) x4 x10 %1500 x 20V 
=75x10° V 
35. Here, L =10 mH = 107 H, J = 0.1 sin 200¢ 


dl 
a = 0.1 cos 200 tx 200= 20 cos 200 


a 
— = 20x1=20As* 
(J 7 ‘ 


As, Je|=L(dl/dt) => eye = L (dl dt) ous 
Bd Cae = 107? x 20= 0.2 V 

36. From the relation of self-inductance, we have 
pa HoN?A _ 4nx107 x (600)? x x x(3x107) 


] 
1 
= 4n? x36x10' x9 x10"! 
= 128x107 H 
37. Rees to ins pubes ‘on page 270. 
Mes wes Ga =2 
3 4 (ii) E, 4 


38. emf induced in the secondary coil is given by 


e= 


dt 

> dy _ —Mdl 
= dt dt 

d= -Md! 


or, 
db = -15 x 20= -30Wb 


jlectromagnetic Induction 


49. Given, M=15H, Ai, =5A, At =107% 


E 
ve know that, M = -— 
We oe 
Ai, 5 
e,=Mx—=15x—_= ry 
7 aaa mat rm ka 


40. Applying the mutual inductance of coil A with respect 
to coil B, ii 
My = Nets 


Therefore, we have 


Mutual inductance = a =5mH 


Again, applying this formula for other case, 
NO,= Mj) /,=5mH x1A=5mWb 
|. Flux linked with larger coil of radius, 
=0.5x 10° WhandI=0.5A 
Flows through neighbouring coil of radius r. 
Total flux () linked with one coil = MI 
(+ I current flows in neighbour coil] 


4 


42. 
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0.5% 10°=Mx 05 
M=10°H 
Mutual inductance of two coils, M=107 H. 
With the fall of current in small coil to zero, the magnetic 


flux linked with long coil decreases to zero quickly 
which in turn produces large induced emf in it. 


Here, total number of turns, 

N =100, A =3m’, w= 60rads', B=0.04T 
(i) Maximum emf produced in the coil, 

e, = NBA® =100 x 0.04 x 3 x 60 

€4 =720V 
Since, resistance of the coil is 500 Q, the maximum 


current drawn from the generator is 


fo lea 


(ii) Maximum power dissipation in the coil, 
P= eyly =720 X 144 = 10368 W 


SUMMARY 


* Magnetic Flux The total number of magnetic field lines 
crossing through any surface normally when it is placed ina 
magnetic field is known as the magnetic flux through that 
surface 

* Faraday's Law of EMI Faraday gave two laws of EMI 

() First Law An emt is induced in a circuit when the magnetic 
flux linked with circuit charges. 

(i) Second Law The magnitude of induced emf in a circuit is 
equal to the rate of change of magnetic flux through the 
Circuit. 

* Induced emf and Current 


Induced emf,e =-N se 
e _-Ndby 
Induced current, J = — =—_ “8 
7 RR at 
Here, A = resistance of the circuit and N = number of turns, 

* Lenz's Law According to this law, the polarity of induced emt 
is such that it tends to produce a current which appose the 
change in magnetic flux produced it 

* Fleming's Right Hand Rule If we stretch the thumb, the 
forefinger, the central finger of our right hand in such a way that 
all three are mutually perpendicular to each other, then if the 
thumb represents the direction of force, forelinger represent 
the direction of magnetic field, then the central finger will 
represent the direction of induced current. 


* Induced Current in a Circuit If induced current is produced in 
@ coll rotated in a uniform magnetic field, then 7 = Jo sin wt 


* Motional emt and Faraday's Law If e is the induced emf, then, 
according to Faraday’s law, 
€ =(-do/at) =-BW 
* Energy Consideration Power required to move a Conductor in 
@ uniform magnetic field perpendicular is, p= 8° “¥? 


R 


Here, R= resistance of the circuit through which ct 
cl whi 
Hick igh whic rent is 


niform magnetic field, 1 = length of the conducto, , 


Beau 
Le induced in the bulk of 

ts The current induced in Of Conductors 
ES Ce dd with the condutor charges ae 


when the magnetic flux linke 
known as eddy currents. 
Undesirable Effects of Eddy Currents Eddy Currents cause 
unnecessary heating and wastage of power 

The heat produced by eddy currents may even damage the 
insulation of coils. 

Inductance It is the ratio of the flux to the current. It depends 
‘on the geometry of the coil and intrinsic material properties, 
Self-inductance It in the property of a coil by virtue of which it 
opposes any changes in the strength of current flowing 
through it by inducing an emf in itself. 


When current in a coil changes, it induces a back emf in the 
same coll. The self-induced emf is given by,e =— Lg where 


Lis the self-inductance of the coil 


coll of N turns and area Ais rotated with v revolutions per 
second in a uniform magnetic field 8, then the induced emfis 
@ = sinwl =NABa sin wi =NBA (2xv)sin @xv)t. 


Self-inductance of a Long Solenoid Self-inductance of along 
solenoid is given by 


pa taNFA 


ae Inductance The phenomenon according to which an 
ina Te emt is produced as a result of change in current o! 
‘gnetic flux linked with a neighbouring coil, 


M 
vere cotance of Two Long Coaxial Solenoids Mutu?! 
Of two long coaxial solenoids is given by 


M = HoMNoA 
Ba 


AC Gene: 
mechanical won 9enerator produced electrical energy fo 
MSl Opposite of what a motor does. 


CHAPTER 
PRACTICE 


opleCTIVE Type Questions 


{. Asquare of side L metres lies in the xy-plane in 
aregion, where the magnetic field is given byB 
= Bo(2i+ 3j + 4k) T, where B, is constant. The 


magnitude of flux passing through the square is 
NCERT Exemplar 

(b) 33,1? Wb 

(4) 29,1? Wo 


(a) 2B, L? Wb 
()4B)L? Wb 


2. What will happen with the galvanometer when 
the tapping key K is pressed? 


hy 


(a) A momentary deflection 
(b) Along time deflection 
(c) No deflection 

(4) None of the above 


The magnitude of the induced emf in‘a circuit is 
equal to the time rate of change of magnetic 
flux through the circuit, is statement of 

(a) Fleming’s right hand rule 

(b) Fleming's left hand rule 

(c) Felming’s third law 

(d) Faraday’s law of electromagnetic induction 


The direction of induced current is decided by 
(2) Lenz's law 

(b) Fleming's left hand rule 

(©) Biot-Savart’s law 

(d) Ampere’s law 


A50 turns circular coil has a radius of 3 cm, it is 
pt in a magnetic field acting normal to the 4 
area of the coil. The magnetic field B increase 


6. 


from 0.10 T to 0.35 T in 2 ms“. The average 
induced emf in the coil is 


(a) 1.77V (b) 17.7V (©) 177V (d) 0.77 V 


Arectangular loop and a circular loop are 
moving out of a uniform magnetic field region 
in the given figure to a field free region with a 
constant velocity v. In which loop do you expect 
the induced emf to be constant during the 
passage out of the field region? 


Hee KR 


x-% x 
v 
x x x 


* MER x 


xe x KX 


(a) Rectangular loop 


(b) Circular loop 
(c) Both (a) and (b) 


(d) Neither (a) nor (b) 

An electron moves along the 

line PQ which lies in the 

same plane as a circular loop 

of conducting wire as shown 1_< boop 
in figure. What willbethe [fo 
direction of the induced current in the loop? 

(a) Anti-clockwise 

(b) Clockwise 

(c) Alternating 

(d) Non-current will be induced 


Aconstant current is flowing through a 
solenoid. An iron rod is inserted in the solenoid 
along its axis. Which of the following quantities 
will not increase? CBSE 2021 (Term-1) 
(a) The magnetic field at the centre 

(b) The magnetic flux linked with the solenoid 

(c) The rate of heating 

(d) The self-inductance of the solenoid 


A coil of area 100 cm? is kept at an angle of 30° 
with a magnetic field of 10” 'T, The magnetic 
field is reduced to zero in 10” ‘s. The induced 
emf in the coil is CBSE 2021 (Term-I) 
(a) 5¥3V (b) s6v3 V 

(0) 5.0V (d) 50.0 V 
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10, i 
a Rel incueed emf in a coil of 0.4 H 
“Inductance when current i 
the rate of 50 As“! is epki 
(a) 8x107% V (b) 8x10 V 
(c) 20V (a) 500V 


ASSERTION AND REASON: 


Directions (Q. Nos. 11-16) Jn the following questions, two 
Statements are given- one labeled Assertion (A) and the other 
labelled Reason (R). Select the correct answer to these questions 
from the codes (a), (b), (c) and (d) as given below 
(a) Both Assertion and Reason are true and Reason is 
the correct explanation of Assertion. 
(b) Both Assertion and Reason are true but Reason is 
‘not the correct explanation of Assertion. 
(©) Assertion is true but Reason is false. 
(d) Assertion is false but Reason is true. 


flea ssertion Faraday’s law are consequence of 
conservation of energy. 
Reason In purely resistive AC circiit, the 
current lags behind the emf in phase. 


f2-assertion Lenz's law violates the principle of 
conservation of energy. 

Reason Induced emf always opposes the 
change in magnetic flux responsible for its 
production. 

13. Assertion In equation F = q(E+vxB) when v=0, 
any force on the charge must arise from the 
electric field term E alone. 

Reason To explain, the existence of induced 
emf or induced current in static conductor kept 
in time-varying magnetic field, we must assume 
that a time-varying magnetic field generates an 
electric field. 


14- assertion Eddy currents are undesirable, 


Reason Eddy currents heat up the core and 
dissipate electrical energy in the form of heat. 


15- Assertion Eddy current is produced in any 
metallic conductor when magnetic flux is 
changed around it. 

Reason Electric potential determines the flow 
- of charge. 


16. assertion If the inner solenoid was much 
shorter than (and placed well inside) the outer 
solenoid, then we could still have calculated the 
flux linkage N,¢,. 

Reason The inner solenoid is effectively 
immersed in a uniform magnetic field due to the 
outer solenoid. 


a | 
\allynone IPttYsics Css, 
| 


CASE BASED QUESTIONS 
5 17-18) These questions are cay 


irections (Q.Nos. i t 
Direction: attempt any 4 sub-parts fiom cach dey 


based questions. Aten 
Each question carries 


17. Faraday’ Laws G 
According the Faraday’s first law, whenever, 


netic flux linkeu «4. a cipro 
ant is induced in it. Induced" 
current is determined by the rate at which the 
magnetic flux changes. : 
Mathematically, the magnitude of the induceg 
emf ina circuit is equal to the rate of Change o¢ 
magnetic flux through the circuit. 
Induced emf « Rate of change of magnetic fy; 
(i) On the basis of Faraday’s law, current in the 

coil is larger 


rm) 


G 


(a) when the magnet is pushed towards the coil 
faster 

(b) when the magnet is pulled away the coil 
faster 

(©) Both (a) and (b) 

(d) Neither (a) nor (b) 

(ii) The flux linked with a circuit is given by 
o=0+3¢-7 The graph between time 
(X-axis) and induced emf (¥:axis) will bea 
(a) straight line through the origin 
(b) straight line with positive intercept 
(c) straight line with negative intercept 
(d) parabola not through the origin 

(iii) Wire loop is rotated in a magnetic field. 
The frequency of change of direction of the 
induced emf is 
(a) once Per revolution 
(b) twice per revolution 
(c) four times per revolution 

- (d) six times per revolution 

(iv) The instantaneous magnetic flux tinked 
with a coil is given by 6 = (512 -100¢ +30 
Ms The emf induced in the coil at time!” 


(a)~40y 
(b) 40.V 
(c)140V (a) 300V 


ic Induction 
\ magnetic 
pet 


“ 4 copper disc of radius 0.1 m is rotated 
about its centre with 20 rev/s in a uniform 
magnetic field of 0.1 T with its plane 
perpendicular to the field. The emf induced 
across the radius of the disc js 


Tt 
a” () =v 
(c) 200 mV (d) None of these 


{§. Eddy Current 
Coil is wound over metallic core is helpful in 
reducing eddy currents in the metallic cores 
of transformers, electric motors, induction 
furnaces and other such devices {as shown 
pelow). Eddy current are undesirable since 
they heat up the core and dissipate electrical 
energy in the form of heat. These currents are 
minimised by using laminations of metal to 
make a metal core. 


Wounded coil on core 


Core of 
{transformer 


(i) How are eddy currents minimised to make 
ametal core of transformer on which coils 
are wound? 


(a) By using laminations of metal 
(b) By using solid metallic core 
(c) Both (a) and (by 

(d) Neither (a) nor (b) 

(ii) The plane of the laminations must be 
arranged parallel to the magnetic field, so 
that they cut across the 
(a) keep on sliding 
(b) keep on rotating 
(c) cut across the induced eddy currents 
(4) Both (a) and (b) 

(iif) Induction furnace is used to produce 
(@) low temperature to melt the metal 
(b) high temperature to melt the metal 
(c) constant low temperature 20°C 
(4) high pressure 

(iv) Induction furnace can be utilised to prepare 
(a) alloys, by melting the constituent metals 
(>) metal, by mixing electrons, protons, 

neutrons 
(c) Both (a) and (b) 
(@) Neither (a) nor (b) 
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(v) When a high frequency alternating current is 
passed through a coil which surrounds the 
metal to be melted. Then, 

(a) the metal freezes 

{b) coil rotates with frequency w 
(c) the metal melts 

(d) None of the above 


VERY SHORT ANSWER Type Questions 


19. On what factors does the magnitude of induced 
emf in a coil depend? 


20. Ifa coil is removed from a magnetic field 
(i) slowly and 


(ii) rapidly, then in which case, more work will be 
done? 


21. Why is a core of transformer laminated? 


22. 


Give any two useful applications of eddy currents. 


23. How can self-inductance of a given coil having N 
number of turns be changed, if N is doubled 
keeping other factors constant? 


24. Iftwo coils are very tightly wound over one 
another, will their mutual inductance increase or 
decrease as compared to the case when the coils 
are placed some distance apart? 


SHORT ANSWER Type Questions 


25. (i) When primary coil P is moved towards 
secondary coil S (as shown in the figure below), 
the galvanometer shows momentary deflection. 
What can be done to have larger deflection in the 
galvanometer with the same battery? 


GE 


(ii) State the related law. Delhi 2010 


26. Four shapes made of wires are situated in a 
magnetic field B, perpendicular to the plane of the 
paper, directed downwards. If B starts reducing, 
what will be the directions of the induced currents 
in these shapes? 


‘OSOOr" 


@® © © @ 
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27. a is qui 
indies a quickly moved in the direction 
YY an arrow between two coil 
C, as shown in the figure. Pavan 


What will be the direction of induced current in 
each coil as seen from the magnet? Justify your 


answer. 
28. Aconducting square loop of ee © 
side L and resistance R moves 
|v 


in its plane with a uniform 
velocity vperpendiculartoone = ¢—@ ry 


ofits sides. A magnetic 
induction B, constant in time and space, pointing 


perpendicular to the plane of the loop exists 
everywhere. What will be the current induced? 


29. Two concentric circular coils C, and C,, radius 7 
and fy (4 << %) respectively are kept coaxially. If 
current is passed through C,, then find an 
expression for mutual inductance between the 


two coils. 


LONG ANSWER Type I Questions 


30. The figure given below shows an arrangement 
by which current flows through the bulb X 
connected with coil B, when AC is passed 
through coil A 

(i) Name the phenomenon involved. 

(ii) Ifa copper sheet is inserted in the gap 
between the coils, explain how the 
brightness of the bulb would change? 


3{. State the law that gives the polarity of the 
induced emf. Give its illustration. 


LONG ANSWER Type II Questions 


32. State and explain Faraday's law of 
electromagnetic induction. 
Acylindrical bar magnet is placed along the 
axis of a circular coil. Will there be a current 
induced in the coil, if magnet is rotated about 


its axis? 


33. 


34. 


| Allfnone | PHYSICS ci... 
% 


z's law. Give one example to iMuste, 
jaw is a consequence Of prin” 
vation, Justify this statemen'! 


ductance of a pair OF ec 
ily 


State Len: 
this Jaw. Lenz's | 
of energy conser 
How is the mutual in 
affected, when ; 
(i) separation between the coils is increased, 

(ji) the number of turns of each coil is 

increased? - 

(iii) a thin iron sheet is placed between the , 
factors remaining the fe 


coils, other ’ 
Explain your answer in each case, 


NUMERICAL PROBLEMS 


35. Ajet pla 


36. 


37. 


I. 


13. 


» (d) Lenz 


14, 


. (a) 7. (d) 8. (c) 


ne is travelling towards West at a speey 
of 450 m/s. If the horizontal component of the 
earth’s magnetic field at that place is 4 x1o“7 
and dip angle is 30°, calculate the emf induced 
between the ends of wings having a span of 30m, 
Along solenoid of 10 turns/cm has a small loop 
of area 1 cm? placed inside with the normal of 
the loop parallel to the axis. Calculate the 
voltage across the small loop, if the current in 
the solenoid is changed from 1 Ato 2AinOls, 
during the duration of this charge. 

Asolenoid of length 80 cm, area of 
cross-section 1 m? with 20 turns per cm 
completely surrounds another coaxial solenoi 
of the same length, area of cross-section 25 cm 
with 20 turns per cm. Calculate the mutual 
inductance of the system. 


ANSWERS 


id 
1 


.@ 2) 3@ 4) 50 


9. (a) 10. ©) 


(c) According to Faraday's law of the conservation 

mechanical energy into electrical energy is i is 
accordance with the law of conservation of energy: 
also clearly known that in pure resistance, the eat!" 
phase with the current 


nergy and 


s law is based on conservation of en 
hange 


induced emf always opposes the cause of it, Le. 
in magnetic ux. 


() Increasing B causes indueed current Fue inde 
electric field E along 1 
Note This induced electric field fs non-conservative makes 
slosed loop electric field lines, 
So, ti vary’ ; i 

ime varying magnetic eld generates electric He? 


(a) 


ectromagnetic Induction 


15. (4) . 

16. Ifthe inner solenoid was much shorter than ( 
well inside) the outer solenoid, then we could still have 
calculated the flux linkage N,9, because the inner solenoid 
is effectively’ immersed in a uniform magnetic field due to 
the outer solenoid. 


‘and placed 


17. (i) (Q Current will be larger, when the magnet is pushed 
faster towards the coil, also current is large when magnet 
is pulled faster away but now it is in opposite direction. 


(i) (OP 430-7 


Induced emf, e 43) 2232? 5 
At t=Q:e=-3V ‘ 
Therefore, shape of graph will be a parabola not through 

origin. (se %t?) 


(ii) (b) If a wire loop is rotated in a magnetic field, the 
frequency of change in the direction of the induced emf is 
twice per revolution. 


{iv) (b) Given, = (St? — 100f +300), f= 2s 


Induced electromotive force, 


= 44. 4 6543 so01 +300) 
dt t 
e =-5x3t7 +100 =-5x3 (2) +100 
= -5X12+100= -60+100 =40 V 
(¥) (Q From Faraday’s law of electromagnetic induction, 


Given, B=01 T, N = 20, A= nr? = 4(0.1)° 
= OL x 20 x n(0.1)’ = 20% mV 


18. (i) (a) Eddy current are minimised by using laminations of 
metal to make a metal core. . ‘ 

(i) () The Jaminations are separated by an insulating 

material like lacquer. The plane of the laminations mu 

be arranged parallel to the magnetic field, so that the al 

across the eddy current paths. This arrangement ne Be 

the strength of the eddy current. Since, the di im on : 

the strength of electric current, heat loss is substantialty 


reduced, 


19. 


20. 


21. 


22. 
23. 
24, 
25. 
26. 
27. 


28. 


29. 
30. 
31. 
82.. 
33. 
34. 


35, 


36. 


37. 


a 
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(iii) (#) Induction furnace can be used to produce high 
temperatures and can be utilised to prepare alloys, 
by melting the constituent metals. A high 
frequency alternating current is passed through a 
coil which surrounds the metals to be melted. The 
eddy currents generated in the metals produce 
high temperatures sufficient to melt it. 

(iv) (a) Since, induction furnaces uses the concept of 
eddy currents. Thus they are used to prepare 
alloys, by melting the constituent metals. 


(v) (c) Eddy current generated in the metal produce 
high temperature sufficient to melt it. 


Number of turns in coils, and rate of change of 
magnetic flux. 


More work will be done in (ii) Case. 


To prevent it from eddy current being produced in the 
core, 


In electric power meters and in induction furnace. 
Doubled. 

Increases 

Refer to text on page 252. 

Refer to text on page 253. 

Refer to Q. 10 on page 259. 

Current induced is zero. 

Refer to Q. 15 on page 275. 

Refer to Q. 11 on page 259. 

Lenz’s law Refer to text on pages 253 and 254. 
Refer to text on pages 252 and 253. 

Refer to text on pages 253 and 254, 

Refer to text on page 271. 

Also, refer Q. 12 on page 274. 

e=3ky, 

Refer to Q. 35 on page 262. 

Voltage = 12.57 x10 V 

Refer to Q. 34 on page 276, 

Mutual inductance = 392 H 

Refer to Example 7 on page 272. 


| 

Id is in che fe | 

i « world is in the form of | 
Most of the electric power generated and used in the of 


alternating current. This is because 
ily and efficiently converted from one value tg the 


(i) alternating voltages can be ca 


other by means of transformers. Bad 
itted a istributed over 
can be transmitted and ini 


(i) the alternating current energy 
B is loss of energy: 


distances economically without much 


ALTERNATING CURRENT 


In this chapter, we will srudy abour some alternating current system that G ae - = 
transfers energy efficiently and we will also discuss some of the devices that S% CHAPTER.CHECKLIST 
make use of alternating current. | * Introduction to Alternating 


Current 
| TOPIC 1| eae ae 
3 5 AC Devices 
Introduction to Alternating Current = 
Alternating Current (AC) 


If che direction of current changes alternatively (periodically) and its magnitude 
changes continuously with respect to time, then the current is called alternating 
current. It is sinusoidal (i.c. represented by sine ot cosine angles) in nature, 
Alternating current can be defined as the current whose magnitude and 
direction changes with time and attains the same magnitude and direction after 
a definite time interval It changes continuously between zero and a maximum 
value and flows in one direction in the first half cycle and in the opposite 
direction in the next half cycle. 


The instantancous value of AC is given by 


J=Iysinor [:o- 2-20] 
T 


Current v6 time graph of an AC 


where, J = current at any instants, /y = maximum/peak value of AC 
v= frequency and © = angular frequency, : 
Note Current whose direction does nol change with time though a 
current (DC). 8! a load ts known as direct 


\ 


Alter 


nating Current 


i C 

| Y advantages of AC over DC 
(i) AC generation is easy and economical, 

| | Gig Htcan be easily converted into DC with the help of rectifier, | 
(iit) In AC, energy loss Is Minimum, so 

| over large distances. 


| Disadvantages of AC over Dc 
(i) AC shock is attractive, while pc 


it can be transmitted | 


shock is repulsive so, 
220V AC is more dangerous than 220y oc. 


| {i AC cannot be used in electroplatin | 


1B Process because here | 
arity is needed which is | 


Alternating emf or Voltage 7 


Ir can be defined as the volta 
direction changes with time and attains the same magnitude 
and direction after a definite time interval, The 
instantancous value of alternating emf or voltage is given by 


constant current with constant pol; 
| given by DC. 


ig Whose magnitude and 


E = Eysinwt 
where, E = voltage at any times, E, 


o = maximum/peak 
value of alternating voltage and w= 


angular frequency, 


Note Alternating current, alternating emf, flux, etc, 
snusoidal waves. 


MEAN OR AVERAGE 
VALUE OF AC 


Itis defined as the value of AC (Alternating Current) which 
Would send same amount of charge through a circuitin half 
dle (ie. 7/2) that is sent by steady current in the same 
time, It is denoted by /,, or J, 


Lec the instantaneous value of alternating current’ is 
"presented by 


all are 


J=Igsinor o (i) 

The AC changes continuously with time. Suppose current 

'Skept constant for small time (dt), Then, small amount of 
“arge (dq) in small time (dt) is given by 

dq = Idt =1,sinwt dt [from Eq, (i)] 

, alculate total charge send by AC over half cycle is given 


if dg = ieee sin ot dt 


or Ti, 
= sin oor de 
Lal 0 


tg, is steady charge over half cycle. 


rin . 
Ss =] ==] ote feosear}f 
9, = o |, o 


or ] 
—-—cos0' 
[x 2 


= ET cen -i= Sire Alene =1] 
o o 

2h, 

oO 

Also, the charge sent by AC in positive half cycle is 


> 


5 


T 
221% > 
INC =! mn 2 


where, /,, is mean value of AC over half cycle. 
According to the definition, 


q, lover any half cycle] 
21 
=> 
> [-@7T =2r] 
=> 


Mean value of AC (/,,) is 63.7% of the peak value of AC 
(1g) over positive half cycle. For negative half cycle, the 
mean value of AC will be -21)/m. Therefore, in a 
complete cycle, the mean value of AC will be zero, 


In the same way, mean value of alternating emf (E,,) is 


j 


Root Mean Square (RMS) 
Value of AC 


Tris defined as that value of Alternating Current (AC) over 
a complete cycle which would generate same amount 
of heat in a given resistor that is generated by steady current 
in the same resistor 


and in the same time during a 
complete cycle, 
I is also called virtual value or effective value of AC, 


It is represented by J, of Ly, or Jy. Suppose fis the 
current which flows in the resistor having resistance (R) in 
time (7) produces heat (EL), 


Instantaneous value of AC, 


1=IJysinar 
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If dH is small 
resistor R, then 


dH =1°R dt (eH = 17R7)...4) 
In complete cycle (0-3 7), the total heat produced is 7. 
After integrating Eq, (i), we get 


Ja=[rea = H=fPRd 

o 0 

Put the value of / in the above equation, we get 
H= J" Uysinenn?R dt 


—cos2@ 
HIG RY]. sin? or de= 13R] eZ 


ae ‘os2 =| 
+ sin20¢ = ——_— 
sin 71 


LRG — cos 2ws)dt 
° 


ce dt — sr cos2@r a] 


Tt] 


amount of heat produced in time dt in 


sin 2or za 


Le 

|r pea 

7-5 bin? x2x - aif: "oT =2n) 

L 

1 

[7-10-01 [sin 4m=0] 
_IGRT _ 
=5 vail) 


If J jp, is rms value of alternating current and 1 is the heat 
produced by rms current (J,,,), then 


H=I2 RT 


ems 


= (iii) 


On comparing Eqs. (ii) and (ii), we get 
_/aRT 
“2 


=> 


Ty = 70.7% of Ty 


From the above equation, we conclude that rms value of 
current is 70.7% of the peak value of current, 


| Allfnane | PHYSICS Classy, 


way ite rms value of alternating emg 
In the same a 
(Eqyot Ben OF Ev 
lips 
| Baws = 
The different values Jp» Bey 
given below. 


).707 Eg = 70.7% of E, 


and jm, a€ Shown in figure 


RMS and Average value of current on the same graph 


—— 7 7 
| 


¥ AC Ammeter and Voltmeter 

AC ammeter and voltmeter always measure the virtual value of | 

| AC or alternating emf. 

They are also called hot wire instruments because deflection in | 

the needle depends upon the heat produced in any coil. 
Helin. 


| 
If we connect ordinary DC ammeter or voltmeter to AC circuit, | 


they read zero because average value of alternating 
current/votiage over a full cycle is zero. | 


EXAMPLE |1| The instantaneous current from an AC 
source is given by I =5sin314t. What is the rms value of 
the current? 
Sol. Given, JsSsin314¢ wll) 
We know that, I = I, sinat alii) 
On comparing Eqs. (i) and (ii), we have 

1) =5A and w=314 


EXAMPLE 12] Catcut, 
ate t for 
AC supply of 220 V and SoH instantaneous voltage 


Sol. Given, Ey=220V, y= 50 Hz and E = 


Since, we know that for 
alternating voltage E, 


calculating the peak value of 
‘0 We can use the relation 


ie = VE Ey = 1414 x 220 =311V 
* Instantaneous voltage, E = E, sinwt 
= Eysin(2nv)e 
=311sin(2n x 50)¢ 


= 311sin1oont 


yemati Current 


-y MPLE [3] In an AC circuit, the rms voltage is 
i BY. petermine the peak value of voltage and its 
} yalue during a positive half cycle, 

2 ven, Ey = 10002 

peak value of voltage, E, =? 
Mean value of voltage, E,, 


E, = V2Ey = V2(100V2)= 200 
«During positive half cycle (0— T/2), 
pad BE, _ 2% 200 
"ok 314 
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OBJECTIVE Type Questions 


. The peak voltage in a 220 V, AC source is 
(a) 220V (b) about 160 V 
(c)about 310 V (d) 440 V 


so. 


=1274V 


nr 


. Ifthe rms current in a 50 Hz AC circuit is 5 A, 
the value of the current 1/300 s after its value 
becomes zero is NCERT Exemplar 


()5V2A (b) 53/2. A 
()5/6A (d)5/V2.A 


w 


» Ifthe reading of AC mains voltage by a 
voltmeter is 200 V, then the root mean square 
value of this voltage will be 
(2) 200/2 V (b) 10042 V 
(0c) 200V (d) 400/n V 

+ The Treading of an ammeter in an alternating 


Circuit is 4 A. The peak (maximum) value of 
Current in the circuit is 


Q)4a (b)8A 
(48 dy 2A 
)4V2 A OF 


a 


When a voltage measuring device is connected 

to AC mains, the meter shows the steady input 

Voltage of 220 V, This means NCERT Examplar 

() input voltage cannot be AC voltage, but aDC 
voltage 

(b) maximum input voltage is 220 V 

(©) the meter reads not Vbut < V?> and is calibrated 
toread y< V? > 

(@ the pointer of the meter is stuck by some 
mechanical defect 
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VERY SHORT ANSWER Type Questions 


6. Define the term rms value of the current. How 
is it related to the peak value? — All India 2010C 


7. The peak value of emf in AC is E,. Write its 


(i) rms (ii) average value over a complete cycle. 
Foreign 2011 


8. In many European homes and offices, the rms 
voltage available from a wall socket is 240 V. 
What is the maximum voltage in this case? 

9, An ACcurrent J = I, sin wt produces certain 
heat H in a resistor R over a time T =27/o. 
Write the value of the DC current that would 
produce the same heat in the same resistor in 
the same time. All India 2009C 


10. An alternating current is given by 
1 =I, coswft + I,sinwt. Determine the rms value 
of current through the circuit. 

M1. The current through an AC circuit is I, = I(t/1) 
for sometime. Determine the rms current 
through the circuit over time interval = 0 to 
tat 


12, Can the instantaneous power output of an AC 
source ever be negative? Can the average 
power output be negative? NCERT Exemplar 


SHORT ANSWER Type Questions 


13. Establish an expression for the average voltage 
of AC voltage V = Vy sinwt over the time 
intervalt =O andt=1/. 


14. Which of the following 120 V AC devices cost 
more to operate (i) one that draws an rms 
current of 10 A or (ii) one that draws a peak 
current of 12 A? Explain the reason for your 
answer. 


15. Show that heat produced in a cycle of ACis 


same as the heat produced by DC with I = I jus 


16. Both alternating current and direct current are 
measured in amperes. But how is the ampere 
defined for an alternating current? 


NCERT Exemplar 
NUMERICAL PROBLEMS 


17. The instantaneous value of current in an AC 
circuit is = 2sin (100 ne +/3) A. At what first 
time, the current will be n aximum ? 
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18. i: 
pes current in a circuit is given by 
=20sin(l0One +0.05x) A. What is the rms value 
of current? 
19. (i) The peak voltage of an AC supply is 300 V. 
What is its rms voltage? 
Gi) The rms value of current in an AC circuit is 
10 A. What is the peak current? NCERT 


20. A light bulb is rated 100 W for 220 V AC supply 
of 50 Hz. Calculate 
(i) resistance of the bulb. 


(ii) the rms current through the bulb. 
All India 2012 


21. The alternating current in a circuit is described 
by the graph shown in the figure. Find the rms 
current in this graph. NCERT Exemplar 


2 1s) — 
3 


| HINTS AND SOLUTIONS | 


L (c) Given, Ey = 220V 
Peak voltage, E, = ¥2Ey = v2 x 220=310V 


Thus, option (c) is correct. 
v=50H2, Jims =5A 


2. (b) Given, 
t=—s 
300 
We have to find J (r) 
J, = Peak value 
= V2 In, = V2 x5 
=5v2 A 


T= J, sin wt =5V2 sin 2n vt 


= 5v2sin an x 50x 
300 
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l 


B. (c) Ey = 200 V = Ere 
ue of this voltage is the effec 


eval 
Root mean square fal 
qual to the voltage indicateg in 


value of voltage ie» 


voltmeter. 
=4A 


4, (c) Giver Fens : 
The peak value oFeurrent, fp = lim. V2 =4y/3 , 

5. (c) The voltmeter connected to AC mains reads mean 
+ Jhhue (eV) and is calibrated in such a way that, 


value of <V >, which is multiplied by form factor tg 


give rms value. ; 
It is defined as the value of Alternating Current (Ac) 


6. Mis oer mplete cycle which would generate same 
Smount of heat in a given resistor that is generated by 
steady current in the same resistor and in the same tim, 
during a complete cycle. It is also called virtual value g 
effective value of AC. 

Let the peak value of the current be I. 


ef 

Fons = J 

To 
> Tims = ars 


where, I, =peak value of AC. 
7. Eq =peak value of emf in a complete cycle, 
E o 
v2 
(ii) average value [E] = zero 


( mms value [Ejas 


E 
8. Aswe know, Ey, = £2 
ve 


+E, (Maximum voltage) 
= Eng X14 14 = 339.36 V 
9. An AC current J = J, sin@¢t produces certain heat Hina 
resistor Rover a time T = 2x3.14 /c, is given by 


LY 
a -( s) RT and the same amount of heat produce! 


by DC current in same time is given by H = 


As, these heats are equal, then [?RT = (+) RT 
v2 


1 
So. T=, where I stands for DC and fy is the peek 


value of AC current, 
10. As, if 


ne mating Current 


‘The mean square current is 
ee Lf aa(uatat 
feof, ie 
. 
ms "Aare ls e ah 
v f 


0 a. 


12. Yes, the instantaneous power can be negative as, 
Pasantancous = Tin % Vin = Ip Sin tx V, cos cat 
No, because it is average, so it will be Positive, 


13, Average voltage, V, or V,, = me = 0.37V, 


Refer to the text on page 290. 


14, Alternating currents and voltage are generaly measured 
in the terms of their rms values. 


ie Peli, 
2. For Tims =10 A 
Pe (10)° (i) 
and for 1,=12A, 
12 I, 
> Py 2 (8.48)? Ail) 


So, from Eqs. (i) and (ii), the device that draws a rms, 
current of 10 A costs more to operate. 


I 


a 


Foran AC, I, = J,sinot 
Heat produced in a resistance in small time dt, 
aU = [?Radt =(I,sinwt)’R dt 
+» Heat produced during a full cycle of AC, 
Us fav =13R{? sin*at at 


= 2 awry [-@T = 2n) 
= U= [RT [: imi 


Thus, we see that AC produces same heating effect as DC 
of value I = In, 


- 


Woy B= 


20. (i) Power, P= Hl = PaExe 
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16. As we know that, the AC current changes its direction 
with time. So, AC ampere must be defined in terms of 
some property which is independent of direction of 
current. Thus, Joule's heating effect is the property, 
which defines rms value of AC. 


17. Here, / =2sin (100 mt +7 /3)A wali) 
Since, the relation between current and time gives us 
ant =1007t 
21 es 
pect My ._(ii) 
100m 50 
a potent te: 
4 50x4 200 
18. Ip, =10V2A 


Refer to the Example 1 on page 290. 


[+ E, = peak voltage] 


9 = 212.1V 
2 
(ii) - Tg =10A 

Sigg = [+ I, = peak current] 


2 
= 1) =V2q,=10xV2 = 1414 A 


‘i 
= R= E_- 220° 
P 100 
2 48400 =484.Q 
100 
(ii) The peak voltage of the source is E_, = £0 
v2 


> Ey = Ex XV2 
= 220V2,=31113V 
I, _ By _ 303 


m2 RV2 asale 
31113 - 
= = 0M5.A 
684.479 


21. From the graph, I, =1A,1, = 2A and I, =1A 


pe fA [ay 
aay joa 


=[t=vinrawa 


|TOPIC 2| 
AC Circuits 


Phasor Diagrams 

The study of AC circuit is much simplified, if we represent 
alternating current, alternating emf as rotating vector, with 
the angle between the vectors equal to the phase difference 
between the current and the emf, These rocating vectors 
representing current and alternating emf are called phasors. 
A diagram representing alternating current and alternating 
emf (of same frequency) as rotating vectors (phasors) with 
the phase angle between them is called phasor diagram. 
The length of the vector represents the maximum or peak 
value, ie. [, and £g. The projection of the vector on fixed 
axis gives the instantancous value of alternating current and 
alternating emf. Inssine form, (=I, sinwsand E=Ey 
sin 2), projection is taken on Y-axis. In cosine form, 
(I = 1g costar and £ = Ey cosa), projection is taken on 
X-axis. 


Ipsinwt | 


Phasor diagram 


DIFFERENT TYPES OF 
AC CIRCUIT 


In this section, we will derive voltage current relations for 
individual as well as combined circuit elements carrying a 
sinusoidal current. Here, we will only consider resistors, 
inductors and capacitors. 


AC through Resistor 
Suppose 2 resistor of resistance R 
is connected to an AC source of 
emf with instantaneous value (£), 
which is given by 
E=E,sinor wali) 
E 

Let E be the potential drop across An Ac volt, " 
resistance (R), then vee 

Baik wi) 
+. Instantaneous emf= Instantaneous value of potential drop 


(i) and (ii), we have 
[RZ E = Eg sin Ot 


From Eqs: 


# 
E Ig= 3] a) 


= EqlR with Ohm's law, we find iy, 
canes work equally well for both AC and DC vols, 
From Eqs. (i) and (iii), we get. chat for resistor there jg 
zero phase difference between instantaneous alternating 
current and instantaneous alternating emf (i.e. they are in 


same phase). 


> 


Comparing /o 


Graph of E and | versus wt 


Phasor Diagram 
Here, peak values Zy and /) are represented by vectors 
rotating with angular velocity w with respect to horizont 
reference. Their projections on vertical axis give theit 
instantaneous values. 


Eo 


} |Epsineot 


‘sna 
(e} 


Phasor diagram fora purely 
resistive circuit 


EX. B 
AMPLE I1] A resistance of 202 is connected ue 


sour ., 
ice of alternating current rated 110 V, 50 Hz. Find! 
(i) rms current, : | 


(i) maximum ing 
(ii) time taken b 
Maxim 


tantaneous current in the resist! 


y the current to change i 
ge from its | 
lum value to the ts value. 


Given, resistance, R= 20Q 


‘The mms value of voltage, E. = 110 
Frequency, V= 50Hz 


sol 


10 
=o = =55 
0) fea “Re 398A 
fi) b= 21g, =1414 X55 = 7.84 
(ii) Let the AC be represented byl= I, cost 
Att =0,1 = 1, cos0 = I,(max) 


I 
Att =tlet! =ly == 1, cosy 


v2 
“ casa == cos > or=t => ave = E 
ae aH = 25x107s 
ACthrough Inductor 


Suppose an inductor with self-inductance (L) is connected to 
anACsource with instantaneous emF(E), which is given by 
E=E,sinwe wi) 
L 


1 e 


[4 
An AC source connected to an inductor 


Vhen key Kis closed, then current / begins to grow because 
mignetic flux linked with it changes and induced emf 
| Poduces which opposes the applied emf. 
Atcording to Lenz's law, 


dl 1 
=-l— w(i) 
dt 
Whete, ¢ is induced emf and — is the rate of change of 
Current, dt 


To Maintain the flow of current in the circuit, 


‘Ppled Voltage must be equal and opposite to the 
duced emf ie, 


cre 


Bae (-4) _ la or df= fy [from Eq. (i)] 
1 dt dt L 
“erating the above equation on both sides, we get 
a=[£ =f Fosin@ y [B= Eysinas] 
J 7 dt] = J L dt [ m 


a =") 


lle 
Ss 


Tx Fy. kee 2 «|e 
Op M(H! — wr) [#6 
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= 7 = 75 sin far —n12) wlll) 
OL 
If sin(we — 1/2) = maximum =1, then / = Ty 
£ 
where, peak,value of current, Jy = Al 
T=], sin(wt — 1/2) -- (ili) 


From Eqs. (i) and (iii), it is clear that in a pure inductor, 
the current lags behind the voltage by a phase angle of 
m/2 radians (90°) or the voltage leads the current by a 
phase angle of m/2 radians (90°). 


Graph of Eand | versusat 


Phasor Diagram 


The phasor representing peak emf E, makes an angle wz, in 
anti-clockwise direction from horizontal axis, As current 
lags behind the voltage by 90°, so the phasor representing 
Ty is turned 90° clockwise with the direction of E,. 


Phasor digram for purely inductive circuit 


Inductive Reactance (X, ) 


The opposing nature of inductor to the flow of alternating 
current is called inductive reactance. 


As, [= n(or — 0/2) or I = Eq lol 


E 
Comparing the above with Ohm’s law, J, as The 


quantity Lis analogous to the resistance and is denoted by 
Mes 


where, X, is called inductive reactance. 
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If f is the frequency of AC source, then 
X,=OL=2nvl _..(i) [= o= 2-20] 


The dimension of inductive reactance is the same as that of 
resistance and its SI unit is ohm (Q), The inductive 
reactance limits the current in a purely inductive circuit in 
the same way as the resistance limits the current ina 
purely resistive circuit. It is also directly proportional to the 
inductance and to the frequency of the AC current. Thus, if 
the frequency of AC increases, its inductive reactance also 
increases. 


If inductor is connected to DC source i 
1 
=0 vv=s 
i [ al | 
Here, v is frequency. So, from Eq. (i) DC source 
X, =0. 


Therefore, inductor passes DC and blocks AC of very high 
frequency. 
EXAMPLE [2| Alternating emf of F = 220sin100xt is 
applied to a circuit containing an inductance of (1/m) H. 
Write equation for instantaneous current through the 
circuit. What will be the reading of AC galvanometer 
connected in the circuit? 
Sol Given, EF = 220sin100n¢ 

E, = 220V,@ =1007,L =(1/n)H 

Since, inductive reactance, X, = wl. 
xX, =100n x1 = 1000 


‘As current lags behind the emf by a phase angle off. 


J = I, sin(wt — 1/2) = 2.2 sin (100nt — 1/2) 
rf 2.2 

Reading of AC galvanometer, Jy = —& = 
eameeee "= 


22 
= =155 
ya tA 


AC through Capacitor 
Let us consider a capacitor with capacitance C be connected 
to an AC source with an emf having instantancous value, 
E=E,sinwr mm) 
c 


(3 
An AC source connected toa capacitor 
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Due to this emf, charge will be produced and it will char, 
the plates of capacitor with positive and negative charges 
potential difference across the plates of capacitor is V, then 


1 or g=CV 
veL or g= 
ed 
‘The instantaneous value of current in the circuit, 
[Veg 


= 4 (ce, sin 2) [- B= Ep sino 
it 


=CE, coswt XO 


E 
2 cost 
iC 


«li 


[- cos@r =sin(1/2+ 7), 
J will be maximum when sin(w# + 1/2) = 1, so that J = [, 
Fo 
1/@c 


Ey. 
> rs Tee sin(wr + 10/2) 


where, peak value of current is, J) = 


‘a 


From Eqs. (i) and (iii), it is clear that in a perfect capacitor, 
the current leads the voltage by a phase angle of n/2 
radians (90°) or the voltage lags behind the current by a 
phase angle of 7/2 radians (90°). 


Graph of E and / versus wt 


Phasor Diagram 


The phasor representing peak emf Ey makes an angle 04 
in anti-clockwise direction with respect to horizontal ax’. 
As current leads the voltage by 90°, the phasor representing 
7g is turned 90° anti-clockwise with the phasor representing 
Eo. The projections of these phasors on the vertical axis gi¢ 
Instantaneous values of E and J. 


Ipsin(@t,+ /2) 


PI 7 
hasor digram for Purely capacitive circuit 


it ernatiNg Current 


pacitive Reactance (X,.) 
f 


qsrantancous value of alternating current through a 


Lae is given by 
F Ey. 

[= Tei (@t+n/2)= 1oso(ar+2) 
comparing the above with Ohm’s law we get, Jy = Fy 


l/c 


here, Xc is called capacitive reactance, 

‘fhe opposing nature of capacitor to the flow of alternating 
qurent is called capacitive reactance, 

ifvis the frequency of the alternating current, then 


1 2n 
eee 
The dimension of capacitive reactance is same as that. of 
| sistance and its SI unit is ohm (Q), The capacitive reactance 
linits the amplitude of the current in a purely capacitive 
cecuit in the same way as the resistance limits the current ina 
gurly resistive circuit. It is inversely proportional to the 
capacitance and frequency of the current. 
Thus, if frequency of AC increases, then its capacitive 


itactance ‘decreases, 2 
| _] 
Lacs 


| When capacitor is connected to DC 
DC source 


‘Source, 
al 1 


Xps—-=—=0 


(- for DC, w =2nv =0, as v =0] 
Thus, capacitor blocks DC and acts as open circuit while it 
pases AC of high frequency. 


XAMPLE [3] A capacitor of 10F is connected to an AC 
‘utce of emfE = 220sin100nt. Write the equation of 
{attaheous current through the circuit. What will be 
‘Teading of AC ammeter connected in the circuit? 
®, Given, capacitance, C = 104lF =10x10*F, 
“emf, E = 220sinto0nt = E,sinot 
* Ey = 220V, w = anv =100n = v= 50H2 


‘ince, Capacitive reactance, 
x= 1 1850 
c= = —_= 5 
@C anvC  2x314x50x10 
t= F022) <p eo 
Xe 318.5 
%, Teding of AC ammeter, 
1, Jo, 0691 _ ggg 


ve 1414 
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AC THROUGH L-C-R CIRCUIT 


Suppose that an inductor (£), a capacitor (C) and a resistor 
(R) are connected in series to an AC source. / is the current 
passing through this circuit. As R, L and C are in series, 
therefore at any instant through the three elements, AC has 
the same amplitude and phase. Let it be represented by 
/=/,sinot P 

However, voltage across each element bears a different 
phase relationship with the current. 


Vi =1,X, [V, is maximum voltage across L] 
Ve=lXe {V¢ is maximum voltage across C] 
Va=hR {Vp is maximum voltage across R] 


AC source, E = Eysin at 
An AC source connected to L-C-A circuit 
Inside the above figure for a L-C-R circuir, phasor diagrams 


of cach L,C and R are given. To form phasor diagram for 
series L-C-R circuit, combine all these phasor diagrams. 


Phasor diagram for a series L-C-R circuit 


Since, voltage (V,) is in upward direction and voltage (Ve) 
in downward direction, so net voltage upto point A is 
V,-Ve (assuming V; > Ve) and net maximum voltage is 


a 
From phasor diagram, 


OB = (OC)? + (CB) = WV; +, -Ve* 
=> Ey=VUoR) +X, —lyXe)? OB= E,) 
= By=lyYR?+(X,-X0* 


0 


Here, Z is called impedance, 
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Impedance 


It is the roral resistance of a circuit applied in the path of 
alternating current, It is given by 


* a0) 


From phasor diagram, it is clear that voltage leads the 
current by an angle 6. 


8 
1 
2 oe 
P 
iL Ss 
c R 0 
Impedance diagram of L-C-R circuit 
2. From AOCB, 
migeeee Vi —Ve _ LoXn = IoXe 
OC” Vp TR 
X,-X, 
=> tano= a + (ii) 


So, the alternating emf in the series L-C-R circuit would be 

represented by E = Ey sin(wr +9). 

Eqs. (i) and (ji) are graphically shown in the above shown 

graph. This is called impedance diagram, which is a right 

angled triangle with Z as its hypotenuse. 

The amplitude and phase of current for an L-C-R series 

circuit is obtained by using the technique of phasors. Bur 

this method of analysing AC circuits have certain 

disadvantages. Firstly, the phasor diagram does not signify 

anything about initial condition. One can take any arbitrary 

value of + and draw different phasors which shows the 

relative angle berween different phasors. The solution so 

obrained is called the steady state solution. 

Special Cases 

(i) When X, = then Z=R and tangp=0 
[9 =0°) 

Hence, voltage and current are in the same phase, 
Therefore, the AC circuit is non-inductive, 

Gi) When X, > Xc, then cand is positive, 

Hence, voltage leads the current by a phase angle. 

Therefore, the AC circuit is inductance dominated 

circuit. 

When X¢ > X, then tan O is negative, 

Hence, voltage lags behind the current by a phase 

angle $. Therefore the AC circuit is capacitance 

dominated circuit. 


(ii) 
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A graph (given below) is showing variation of Band 1 vig 
wt for the case, X, >Xc- 


Eorl 


Graph of E and | versus wt for 
series L-C-R circuit when Xp < X 


EXAMPLE |4| A capacitor of 100uF and a coil of 
resistance 50Q and inductance 0.5 H are connected in 
series with a 110 V -50 Hz source. Calculate the mms value 
of current in the circuit. 
Sol. Given, capacitance, C = 100 MF = 100x107° F =10°°F 

Resistance, R = 50 Q 

Inductance, L = 05H 

Rms value of voltage, Ey =110V 

Frequency, v = 50 Hz 

Since, capacitive reactance, 


1 1 1 
Nee oa aeasaesonio® 

@C 2mvC 2x3.14 50x10 
Xo = 31850 


and inductive reactance, 
X, =OL = 2nvL = 2x3.14 X50X0.5=157Q 
‘s Impedance, Z = fk? +(X,—X 
= \(60)? + (157 —31.85)? =134772 
_ lo 
“13477 


=0816A 


EXAMPLE |5| A coil of 0.01H inductance and *@ 
resistance is connected to 200 V, 50 Hz AC supply. Findche 
impedance of the circuit and time lag between maxinul 
alternating voltage and current. NCERT Exenpla! 
Sol. Given, inductance, L =001H 

Resistance, R = LQ. 

Voltage, V= 200V 

Frequency, v = 50 Hz 


Impedance of the circuit, Z = .[R? + x? 
= Jr? 2 2 ; oxooi)? 
VR? + (2nv)? = yi? + (2x 344 < 50 x 001) 


= 10.86 =3.3Q 


pjemating Current 


wl _2nvh — 2x314y 50 X04 
tan §= = > AK OL 


= tan”! (314) = 72° 
>? 


: 2x0 
ase difference, p=" 7 a4 
Phase Teo 


Time lag between maximum alternati 


‘ ing Voltage and 
current, 


o Ten 


Resonance 
Inaseries L-C-R circuit, 
and voltage is zero, then ¢ 
circuit. 

As applied frequency increases, then 


when phase () between current 
he circuit is said to be a resonant 


> Xo decr : 
ca cases, 
Arsome angular frequency (w,), X, = Xe 


X,=0,L, X¢= 


X,=0L, X, incteasesand X, 


where, na 


The frequency at which X, and X 1 become equal, is 
tlled resonant frequency. 


1 2 1 2_ 1 
1> ©,L=— or 7 =— (2nVv,)° =— 
0,C “r ic™" ) 


(+0, =2nv,, where v, is Tesonating frequency] 


Attesonating frequency, 
Z=R=Minimum 


f= z = Maximum 
Z 
Since, Zis minimum, therefore J will be maximum, 


EXAMPLE |6| A2 uF capacitor, 100 2 resistor and 8 H 
‘ctor are connected in series with an AC source, What 
‘Ould be the frequency of source for which the current 
“Wn in the circuit is maximum? If peak value of emf of 
utce is 200 V, find the maximum current, inductive 
witance, capacitive reactance, total impedance, peak 
jie f current in the circuit. What is the phase hire 
tween, the voltages across inductor and resistor? Al oe 
| de phase relation between voltages across inducto! 
4 capacitor, 
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Sol. Given, capacitance, C = 2uF = 2x10-°F 
Resistance, R = 100 Q 
Inductance, L = 8H 
Peak value of voltage, E, = 200V 


When frequency of AC source is equal to resonant 
frequency, 


then current drawn in the circuit is maximum. 


1 
V=y, 


1 
"~ andic 24314 xVBx2x10°° 


Xo =X, =o = 2nvL 
=2x3.14 x398x8= 20002 >Z= R=1002 
‘The voltages across inductor and resistor differ in phase 


by 90° and the voltages across inductor and capacitor 
differ in phase by 180°. 


Quality Factor (Q-Factor) 


Itis the measure of sharpness of the resonance of an L-C-R 
circuit. It is defined as the ratio of voltage developed across 
the inductance or capacitance at resonance to the impressed 
voltage, which is the voltage applied across R. 


Chews Voltage across L (or C) 
. ee Ee 


Voltage across R 
Qfactor = WeseVe, = fz 
Vz RVC 


Q is just a number having no dimensions, it can also be 
called voltage multiplication factor of the circuit, 

The electronic circuit with high Q ; 
values would respond to a very 
harrow range of frequencies and 
vice-versa. Higher the value of Q, 
the narrower and sharper is the 
resonance, ; 

Qfactor can also be detined as the 
ratio of the resonant frequency to wy 
the difference in two frequencies 
taken on both sides of the 
resonant frequency such that at 


—o 
' versus w graph of an 
L-C-R circuit 


: 1. 
each frequency, the current amplitude becomes eB times 


the value at resonant frequency. 
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Mathematically, 


Q-factor or Q= ern 
=o, 
patie i and i Redieds when current decreases to 
the peak value of current, 
We can also write, @, =0, + AW 


©) =0, - Ao 

The difference @,—@,=2A@ is often called the 
bandwidth of the circuit, 

Thus, from the above, Q-factor can also be defined as the 
tatio of resonant angular frequency to bandwidth of the 
circuit. 


The smaller the bandwidth (Aw), the sharper and narrower 


is the resonance. 
y Significance of Q-Factor | 
+ Q4actor denotes the sharpness of tuning | 
* High Q-factor indicates lower rate of energy loss. I 
+ Higher value of Q-factor indicates sharper peak in the current. | 
+ For R =O @actor = infinity 


AVERAGE POWER ASSOCIATED 
IN AC CIRCUIT 


Power is defined as the rate of doing work. 
dw 
P=— +(i) 
dt 
or 
Power is defined as the product of voltage and current, 
In AC circuit, both emf and current change continuously 
with respect to time. So in it we have to calculace averaye 
power in complere cycle (0 7). 
Instantaneous power, ? = EI (ii) 
[s B= E,ysinoe, J =/, sin(we+ )] 
Here, E and / are instantaneous voltage and current, 
respectively. If the instantaneous power remains constant 
for a small time ds, then small amount of work done in 
maintaining the current for a small time dt is 


dw 
sk 
dt i 
= dW = EI dt 


«-Ciii) 


Integrating Eq. (iii) on both sides, we get 


faw =f" era 


p YSICS 
| Allinone | PH 885 4 


done of energy spent in maintaining CUie, 


ork 
Total w! le; 


over one fall cY 
wef E,sin ow Lo 


cos(t sin Od; 
=Eyl AM sin or(sin or cosh +c in Ode 


Eylo [cosf. sin” age dr-+sing sin OF costa, 4 
=£y 


( - cos?" 
= ret feo, ( ester 


sin sing aan 2sin OF costar 4 

Sole [-«( (i oe f fF cos2ur a) 

3 +sin of” sin 20 dr 
| (cosotels 7 J co *) 


sin(ear + Q)de 


= fle 


vinely sin 202 dt 


Bur ( cos2mr dt = 0 or and” sin 2 dt = 


EqloT 
2 


We cos 


Average power associated in AC circuit, 


pM Eqlq T cos = Falcon 
; oT 
hy eB, oh | 
(7, = 20 oy 
c Epo 
or = Erd syg CO8D 
“LE Ty cos 


Here, cosh is power factor, which is defined as the cosine of 
the angle of lag or lead. 


IF P., is true power or average power, then power factot § 
given by, : 
cos= Py True power 
“R aa cosd = 
emis! ms parent power Zz 
Here, 


is the phase difference between I yn, 
Special Cases 


and E gas: 


(i) AC circuit containing R 
When = 0°, then 2, =F 
A w= Ey ly 
©, average power in R is maximum. 


vty cos0° 


ne snating Current 


i) AC circuit containing 1 
ft 


( tr 
When >= 7° then P= Evly cos 


P.=0 
So, average power in L is zero, 
a) AC circuit containing C 
i 


qT 
When d= > vthen Py SEyly, cos 


P,=0 
So, average power in C is zero, 
(y) AC circuit containing Z and R 


R 


a 


R 
VR+wL 


(v) AC circuit containing C and R 
Voc 


ol 
When m= cosb= 


then P, = Eyl 


When tang = >cosb= R 
VR? +1/0°C? 
then P,=Eyly- R 


VR +11 0'C? 


(i) AC circuit containing L, Cand R 


When tang = RES iae 
R 
=> cos b= ae 
VR? +(0L-1/@C)? 
R 
then Eylig 


EXAMPLE |7| A sinusoidal voltage of peak value 283V 
id frequency 50 Hz is applied to a series L-CR circuit in 
Which R= 30,1 = 25,48 mH and C = 796i. Find 

A) the impedance of the circuit. 

i) phase difference between the voltage across the 

... Source and current, 


fi . Power dissipated in the circuit. 
Sq) © Dower factor. 
Given, £, = 283V,v = 50H, R=32, 
L = 2548mH = 2548x10°H 
and C= 796 uF =796x10°°F 
') Since, inductive reactance, X, =@L 
= X= 
Ceca! =82 


NCERT 


( 
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Since, capacitive reactance, 
Si bays? 1 
©" oC MVC ~ 2%3.14%50%796x10-* 
Xp =40 


«. Impedance, Z = vr? +(X,-X,)* 
= 3" +(8-4)? =50 


(ii) Phase difference, 


b= wa (Sze) an” (4) =53.1° 


It means that the current in the circuit lags behind the 
voltage by 53.1° 


(iii) Power dissipated in the circuit, P = 12R 
Ig 
Vaz 

P= I;R=(40)* x3 = 4800W 
(iv) Power factor, cos 6 = cos 53.1°=060° 


283 


y= 


=40A 
1.414x5 


EXAMPLE |8| Suppose the frequency of the source in 
the above example can be varied. 


(i) What is the frequency of the source at which 
Tesonance occurs ? 

(ii) Calculate the impedance, the current and power 
dissipated of resonant condition, NCERT 
1 

anVLc 

_ 1 

= 

2x314 x ¥2548x107 x 796x107 


Sol. 


(i) Resonant frequency, v = 


=354Hz 
(ii) At resonance, Z = R=30 
=F 


=> ly 


Zz 
“+ Power dissipated, P = 12 


= 667A [: E, 


= (687)? X3= 13350 V 


WATTLESS CURRENT 


The current which consumes no power for its maintenance 
in the circuit is called wattless current or idle current, 

or 
If the resistance in an AC circuit is 
flows in the citcuit, then the average power remains zero, 
ive, there is no energy dissipation in the circuit, such a 
circuit is called wattless circuit and the current flowing is 
called wattless currént. 
If the cirsuit contains either inductance or capacitance only, 
then phase difference between curr 


rent and voltage is 90°, 
ie. b= 90°. The average power in such a circuit is 


Poe = Veo. % Lamy X COs = Vins ® Z ms X C0890° = 0 


zero, although current 
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| TOPIC PRACTICE 2| 


OBJECTIVE Type Questions 


1 Which of the following graphs shows, ina pure 
resistor, the voltage and current are in phase? 


2. Voltage and current in an AC circuit are given 

by 
V =5sin (100 xt — 1/6) 

and I=4sin (l0Ont + 7/6) 
(a) voltage leads the current by 30° 
(b) current leads the voltage by 30° 
(c) current leads the voltage by 60° 
(d) voltage leads the current by 60° 

3. Aresistance of 20 Q is connected to a source of 
an alternating potential, V = 220 sin (1001 ¢). The 
time taken by current to change from its peak 
value to rms value is 
(a) 0.25 
(c) 25x10"? s 


(b) 0.25 s 
(d) 2.5 1073s 


4, The inductive reactance is directly proportional 
to the 
(a) inductance 
(b) frequency of the current 
(c) Both (a) and (b) 
(d) amplitude of current 


5. Apure inductor of 25.0 mH is connected to a 
source of 220 V. Find the inductive reactance if 
the frequency of the source is 50 Hz, 

(a) 785. (b) 6.509 
(c) 7.852 (d) 8.752 


&. Current Jacross the capacitor ina purely 
capacitive AC circuit is 
(a) i,, sin (wt + 10/4) 
(b) i,, sin (wt + 7/2) 
‘(c) i, cos (wt + m/4) 
(d) i,, cos (ot + 7/2) 


10. 


- PHYSICS 
| All‘none | Chey 


of the oscillating curren, iny 


itude Fie 
e amplitu ircuit is, fV =V,, sing, ta 
7. Th Reapacitive AC circ mM Ot ang 
Prpacitance = C- e wCY,, 
¢ 
(0) oC%q b) 2aC¥n 4 


\F capacitor is connected to a 229 y 
H e capacitive reactance jg 


() 2122 (d) 2n4q 


, A150 
R 50 Hz source. Th 
(a) 2202 (v) 2152 
represents self inductance, 


id R 7 
9. bie veiled and resistance respectively, Whig 
ofie following dimensional formula is Not of 
frequency? 1 + 
R r Cc 
il x Oh (d) = 
@ae OT OTe L 


To reduce the resonant frequency in an L-C-R 
series circuit with a generator NCERT Exempla, 
(a) the generator frequency should be reduced 

(b) another capacitor should be added in parallel to 


the first 
(c) the iron core of the inductor should be removed 


(@) dielectric in the capacitor should be removed 


ff. Inaseries L-C-R circuit, the capacitance Cis 
changed to 4C. To keep the resonant frequency 
same, the inductance must be changed by 
(a) 2b (b) L/2 
()4L (d) LA 


12. Which of the following combinations shouldbe 


selected for better tuning of an L-C-R circuit 
used for communication? NCERT Examplar 
(a) R= 200, L=15H,C=35p F 

(b) R= 25Q, L = 25H, C =45uF 

(c) R=15Q, L=35H,C = 30UF 

(d) R= 259, L=15H,C= 45pF 


VERY SHORT ANSWER Type Questions 


13. Anelectric lamp is connected in series with 4 
capacitor and an AC source is glowing with? 
certain brightness. How does the brightness 
the lamp change on increasing the capacitan® 


14, Explain the Statement that a capacitor is 4 


conductor at very high frequencies. Compa’ 
this behaviour with that of a capacitor it @ 
circuit after the Steady state. ‘ail 
15, ila the sign of the phase angle 6. DY | b) 
Lean the supply voltage leads the current" 
4 Series circuit, change as the supply Ww 
equency is gradually increased from vey 
to very high values, NCERT Exe" 


u 


st emating Current 


6 Define ‘quality factor’ Of resonance in Series 
" L-C-R circuit. What is its $1 unit? Delhi 2016 


(7. How can you improve the quality factor of a 


series resonance circuit? 


{g, Mention the significance Of quality factor, 


Foreign 2012 
{9. Adevice Nis connected to an AC source 
V =Vy sinw?. The variation of Voltage, current 
and power in one complete cycle is shown in 
the following figure. 
(i) Which curve shows 
over a full cycle? 
(ii) Identify the device x. 


power consumption 


SHORT ANSWER Type Questions 


20, Explain, why the reactance offered by an 
inductor increases with increasing frequency of 
an alternating voltage? NCERT Exemplar 


(i) When an AC source is connected to an ideal 
inductor, show that the average power 
supplied by the source over a complete 
cycle is zero. 

(i) A lamp is connected in series with an 
inductor and an AC source. What happens to 
the brightness of the lamp when the key is 
plugged in and an iron rod is inserted inside 
the inductor? Explain. 

Lamp 


4. 


L 


L_§ 


Acapacitor C, a variable 
Tesistance R and a bulb B 
are connected in series to 
the AC mains in circuit as 
own in the figure. The 
ulb glows with some 
brightness How will the glow of the bu 
change, if (i) a dielectric slab is introduces i 
elween the plates of the capacitor, keepinB 
Tesistance R to be same; - 


All India 2016 
2 


B 


Mains 


23. 


24. 


25. 


26. 


27. 
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(ii) the resistance R is increased keeping the 
same capacitance? Delhi 2014 


(i) The graphs (a) and (b) represent the variation 
of the opposition offered by the circuit 
element to the flow of alternating current 
with frequency of the applied emf. Identify 
the circuit elements corresponding to each 
graph. 


to current — 


Opposition 
Opposition 


° 


Frequency — Frequency — 
(a) (0) 


(ii) Write the expression for the impedance 
offered by the series combination of the 
above two elements connected across the 
AC source. Which will be ahead in phase in 
this circuit, voltage or current? All India 2011 

(i) Draw a graph showing variation of 
amplitude of circuit current with changing 
frequency of applied voltage in a series 
L-C-R circuit for two different values of 
resistance R, and R,(R, > R,). 

(ii) Define the term ‘Sharpness of Resonance’. 
Under what condition, does a circuit become 
more selective? Foreign 2016 


Prove that an ideal capacitor in an AC circuit 
does not dissipate power. All India 2017 C 


In the analogy between series L-C-R circuit and 
a mass on a spring, the mass is analogous to the 
inductance and the spring constant is 
analogous to the inverse of the capacitance. 
Explain giving reason. 


In series L-C-R circuit, the plot of Truax Versus 0 


is shown in the figure. Find the bandwidth and 
mark in the figure, 


ry 
05 1.01520 
arad/s) — 


NCERT Exemplar 
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as ANSWER Type I Questions 


An inductor L of inductance X, is connected in 

series with a bulb B and an AC source. How 

would brightness of the bulb change when 

(i) number of turns in the inductor is reduced? 

(ii) an iron rod is inserted in the inductor? 

(iii) a capacitor of reactance X, =X, is inserted 
in series in the circuit? Justify your answer 
in each case. All India 2015 


(i) When an AC source is connected to an ideal 
capacitor. Show that the average power 
supplied by the source over a complete 
cycle is zero. 

(ii) A lamp is connected in series with a 
capacitor. Predict your observations when 
the system is connected first across a DC 
and then an AC source. What happens in 
each case, if the capacitance of the capacitor 
is reduced? Delhi 2013 C 


30. Answer the following questions. 

(i) What is the minimum value of the power 
factor ofa circuit? Under what circumstances 
can it occur? 

(ii) State the maximum value of the power 
factor? Under what circumstances can this 


occur? 


31. An AC voltage V =V,, sin wt is applied across an 
inductor of inductance L. Find the 
instantaneous power FP, supplied to the 
inductor. Show graphically the variation of P, 
with of. 


32. Study the circuits (a) and (b) shown in the 
figure and answer the following questions: 


R Rar Cr alk 
(a) (b) 

(i) Under which conditions would the rms 
currents in the two circuits be the same? 


(i) Can the rms current in circuit (b) be larger 
than that in (a)? NCERT Exemplar 


33. In the L-C-R circuit, shown in the figure, the 
AC driving voltage isV=V, sint. 
(i) Write down the equation of motion for q(t) 
(ii) Att =fo, the voltage source stops andR is ‘ 
short circuited. Now, write down how much 
energy is stored in each of L andC. 


| Allinone | PHYSICS cla, ty 


subsequent motion of charges, 


(iti) Describe NCERT Exemp, 


V = Vp, sinc 


LONG ANSWER Type II Questions 


urce of voltage V=Vy sin wt is 
34. Ae Ned toa series combination of L, Cangg 
Use the phasor diagram to obtain expressions 
for impedance of the circuit and phase angle 
between voltage and current. Find the 
condition when current will be in phase with 
the voltage. What is the circuit in the condition 
called? Delhi 2015 
35. (i) What do you understand by sharpness of 
‘ resonance in a series L-C-R circuit? Derive 
an expression for Q-factor of the circuit. 
(ii) Three electrical circuits having AC sources cf 
variable frequency are shown in the figures 
Initially, the current flowing in each of these 
is same. If the frequency of the applied AC 
source is increased, how will the current 
flowing in these circuits be affected? 
Give the reason for your answer. Delhi201 
R L (6) 
TOO. t 


E E E 
36. 


Derive an expression for the impedance of 
series L-C-R circuit connected to an AC suppl! 
of variable frequency. Plot a graph showing 
variation of current with the frequency of the 
applied voltage. Explain briefly how the 
phenomenon of resonance in the circuit cat, 
Used in the tuning mechanism of a radio 04 
set? pelht20!! 


Eye 


(i) Show that a series L-C-R circuit at 
pescnanice behaves as a purely resistiv® 
cault. Compare the phase relation bet" 
current and voltage in series L-C-R ct 
r 

(a) X,>x, 


(b) X, =X, usi : 
(ii) What is ti ‘ing phasor diagrams. ih 


n ai arout ere 
used? cceptor circuit and.wh 


ye 


| 
s 


3 


ating Current 


wi series, L-C-R circuit connected to an AC 
source of variable frequency and voltage 
12 Vq Sin Ol, draw a plot showing the variation 
of current Twith angular frequency wo, for two 
ifferent values of resistance R,and R,(R, > Ry), 
write the condition under which the 
henomenon of resonance occurs. For which 
value of the resistance out of the two curves, a 
sharper resonance is produced? Define Q-factor 
of the circuit and give its significance, 
All India 2013 


42. 


Adevice X is connected to an AC source, 
y=Vp sin ot. The variation of voltage, current 
and power in one cycle is shown in the 
following graph. 

A 


ot. 


4 


(i) Identify the device X. 

(i) Which of the curves A, B and Crepresent the 
voltage, current and the power consumed in 
the circuit? Justify the answer. 

(iii) How does its impedance vary with 
frequency of the AC source? Show 
graphically. 

(iv) Obtain an expression for the current in the 


circuit and its phase relation with AC 
voltage. All India 2017 


(i) Avoltage V = Vysinwt applied to a series 
L-C-R circuit derives a current J = J)sint in 
the circuit. Deduce the expression for the 
average power dissipated in the circuit. 

(ii) For circuits used for transporting electric 
Power, a low power factor implies large 
Power loss in transmission. Explain. 

(iii) Define the term wattless current, Delhi 2012 


Adevice X is connected across an AC source of 
Voltage V = V,sinat. The current through X is 


Biven as J = Jesin {uw + a} 


(2) Identity the device X and write the 
expression for its reactance. 
Draw graphs showing variation of voltage 
and current with time over one cycle of AC, 
for x. 


45. 
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(c) How does the reactance of the device Xvary 
with frequency of the AC? Show this 
variation graphically. 


(d) Draw the phasor diagram for the device X. 
CBSE 2018 


NUMERICAL PROBLEMS 


An alternating voltage given by E = 140 sin 314t 
is connected across a pure resistor of 50 2. Find 
(i) the frequency of the source. 


(ii) the rms current through the resistor. 
All India 2012 


Acoil of inductance 0.5 H and resistance 100 2 
is connected to a 240 V, 50 Hz AC supply. 
(i) What is the maximum current in the coil? 
(ii) What is the time lag between the voltage 
maximum and current maximum? 
NCERT 


A100 uF capacitor in series with a 40 Q 
resistance is connected to a 110 V, 60 Hz supply. 
(i) What is the maximum current in the circuit? 
(ii) What is the time lag between the current 
maximum and the voltage maximum? 
NCERT 


Aresistor of 400 Q, an inductor of 5/x H anda 
capacitor of uF are connected in series across 
T 


a source of alternating voltage of 140 sinl00 zt V. 
Find the voltage (rms) across the resistor, the 
inductor and the capacitor. Is the algebraic sum 
of these voltage more than the source voltage? If 
yes, resolve the paradox. Foreign 2010 


(i) Find the value of the phase difference 
between the current and the voltage in the 
series L-C-R circuit shown below. Which one 
leads in phase, current or voltage? 


L=100 mH C=2 pF 
SEVIS — 


Solan. ee 


V=Vo sin (1000 ¢ + 9) 


(i) Without making any other change, find the 
value of the additional capacitor C’, to be 
connected in parallel with the capacitor C, in 
order to make the power factor of the circuit 
unity, Delhi 2017 


R=400Q 
Wy 
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47 Determine the value of phase difference 
between the current and the voltage in the 


given series L-C-R circuit. Delhi 2015 
R=4009 

V = Vosin(1000 14-6) C=2)\F 
L=100 pH 


$A 10 V, 650 Hz source is connected to a series 
combination of R =100 9, C = 10pFand 
L=0.15H. Find out the time in which resistance 
will get heated by 10°C, if thermal capacity of 
the material = 2J/°C. 


49, Calculate the quality factor of a series L-C-R 
circuit with L= 20 H, C= 2uF and R = 109. 
Foreign 2012 


SQ: Resonance frequency of a circuit is v. If the 
capacitance is made 4 times the initial value, 
find the change in the resonance frequency. 

Sh A2uF capacitor, 100 © resistor and 8 H inductor 
are connected in series with an AC source. 


(i) What should be the frequency of the source 
such that current drawn in the circuit is 
maximum? What is this frequency called? 


(ii) If the peak value of emf of the source is 
200 V, find the maximum current. 


Foreign 2016 


52. The figure shows a series L-C-R circuit with 


- L=10.0H,C=40pF,R =60 Q connected to 
variable frequency 240 V source. Calculate 


~~) i. 
(eek Tt 


(i) the angular frequency of the source which 
drives the circuit at resonance. 


(ii) the current at the resonating frequency, 
(iii) the rms potential drop across the inductor at 
resonance. Delhi 2012 


453).Obtain the resonant frequency (w,) of a series 
L-C-R circuit with L=2.0 H,C= 32yHF and 
R =10 Q. Whatis the Q-value of this circuit? 
NCERT 


\Allinone |PHYSICs Chg 


inductor of 200 mH, capacitor: of 400up,, 
5A, An ie eof 10. are connected in series... 
a restate 50V of variable frequency. Caleuian: 
source 0 ular frequency at which Maximy, : 

(i) the ane issipation occurs on the cireyjy ay 

ep corresponding value of effective curry 


and 


« the'vale of Q-factor on the circuit, 
iy 


All Indiazo,, 


; icy and O-fa, 

n the resonant frequen. Ctor of 

55. ae L-C-R circuit with L=3.0H,C=77,¢ 
and R = 74 Q. Itis designed to improve the 

ness of resonance of the circuit by 


har] A 
tedicing its full width at half maximum bya 
factor of 2. Suggest a suitable way. Neen 

56.4 100 2 resistor is connected to a 220 V, 50K 
supply. ; 

(i) What is the rms value of current in the 

circuit? 
(ii) What is the net power consumed over a ful 
cycle? NCER 


57. A44 mH inductor is connected to 220 V, 50 Hz 
AC supply. Determine the rms value of the 
current in the circuit. What is the net power 
absorbed over a complete cycle? Explain. 

NCERT 


58. A 60 \F capacitor is connected to a 110 V, 60H 


AC supply, Determine the rms value of current 
in the circuit. What is the net power absorbed 
over a complete cycle? Explain. NCE 


59. A series L-C-R circuit connected to a variable 
frequency 230 V source has L=5.0H, 
= 80 uF, R = 40 0, as shown in the figure. 


(i) Determine the sour 
.. drives the circuit in 
(ii) Obtain the impedan 
amplitude of curren: 

; frequency, 
(iii) Determine t 


ce frequency which 
resonance. 
ce of the circuit and 
t at the resonant 

w 
thr he rms potential drop a1 ie 
€e elements of the circuit, Show ' ns 
Potential drop across the L-C combina’ 
zero at the resonating frequency. 


ating Current 


sje 


circuit containing 80 mH inductor and a 

. gopF capacitor in series is connected toa 

0 V, 50 Hz supply. The resistance in the 
circuit is negligible. 

‘) Obtain the current amplitude and rms 
value. 

(i) Obtain the rms value of potential drop 
across each element. 

(ii) What is the average power transferred to 
inductor? 

iv) What is the average power transferred to 
capacitor? 

(v) What is the total average power absorbed 
by the circuit? NCERT 

G, Aseries L-C-R circuit with L =0.12H, 

= 480 nF, R = 23 Q is connected to a 230 V 

yariable frequency supply. 

(i) What is the source frequency for which 
current amplitude is maximum? Obtain 
this maximum value. 

(ii) What is the source frequency for which 
average power absorbed by the circuit is 
maximum? Obtain the value of maximum 
power. 

(iii) For which frequency of the source is the 
power transferred to the circuit half the 
power at resonant? What is the current 
amplitude at these frequencies? 


(iv) What is the Q-factor of the given circuit? 
NCERT 


HINTS AND SOLUTIONS 


Loy 


‘na pure resistor, the voltage and current are in 
Phase. The minima zero and maxima occur at the 
Same respective times. 

2 (Phase difference Ad = $, ~ 4, = R/6—(- R/6) = #23 

4, rSuttent leads the voltage by 7/3. 

* (8) Current in at peak value so its equation is 
i= i,sin(100nt + 7/2) 

Peak value to rms value means current becomes! 
times, 
80, from 


W2 


i= f, sin (100 mt + m/2) 


to = jy sin(soon + 1/2) 
va 


sin3nt/4 = sin(100rt + 1/2) 


1 
=> f=—s 


‘Time taken by current to change from its peak value to rms 
value, 
ie, tetseasx 10's 

400 


A. (c) Inductive reactance, X, = wl = 2nfL 


. (c) The inductive reactance, 


X= QmvL = 2% 314 x50 x 25 x10? = 7.85.2 


6. (b) Current J across the capacitor is i, sin (ct + 2/2) 


10. 


Il. 


12. 


. (a) The amplitude of the oscillating current is 


Ty = Vn /X, = OCV,, 


. (c) The capacitive reactance is 


1 1 


(6 = = = 22 
2nvC 2m (50 Hz) (15.0x 10°° F) 


. (A) ¢ is not the dimensional formula of frequency because 


“ipptptg? 
C _IM"E"TA J hut dimensional formula of frequency 
L [ML’T7a* 

is (T"]. 

(b) We know that resonant frequency in an L-C-R circuit is 
given by 


1 
v= 


° arvic 


» Now to reduce v, either we can increase L or we can 


increase C. 
To increase capacitance, we must connect another 
capacitor parallel to the first. 


(a) The resonant frequency, f 


1 


yan (LA)xAc 
‘ I" Tate 


If the value of L is changed to L /4, then the resonant 
frequency will remain unchanged, 
(c) Quality factor (Q) of an L-C-R circuit is given by 


Again, 


el fk 
o=t 


where Ris resistance, L is inductance and C is capacitance 
of the cireuil. To make Q high, 
Rshould be low, L should be high and C should be low. 


These conditions are best satisfied by the values given in 
option (c). 
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18. Capacitive reactance is given by, 


14, 


15. 


16. 


17. 


18. 


19. 


Kew Ss 
oc 


This means, with the increase in the capacitance, the 


5 1 
Xo c 


capacitive reactance decreases. So, if an electric lamp is 
connected in a series with a capacitor and an AC source is 
hen with the increase in 


glowing with certain brightn 
the capacitance, the brightness of the lamp increases. 


By comparison, at very high frequency, the resistance due to 


capacitor is negli, 
conductor of negligible capacitive reactance. 
In DC circuits, «9 = 0 (at steady state) 
1 
=> Xp == 
“ac 


So, it behaves like an open circuit. 


L-C-R series circuit is given by 
envi ~—— 
os 2nvC 
R 
If tan <0 (for v< v,), then circuit is capacitive. 
Iftan > 0 (for v> v,), then circuit is inductive. 


tan o= 


1 


At resonance, tan ¢ = 0 for V = Vy = 


ble and hence it works like a pure 


an¥LC 


The phase angle () by which voltage leads the current in 


The quality factor (Q) of resonance in series L-C-R circuit is 


defined as the ratio of voltage drop across inductor (or 


capacitor) to the applied voltage, 
ing Mor BA 


ol 
Vp RR @CR 


It is an indicator of sharpness of the resonance. Quality 


factor has no unit. 


To improve quality factor, ohmic resistance should be made 


as small as possible. 
Refer to text on pages 299 and 300. 


Curve A shows power consumption over a full cycle, 


(i) Device X is a capacitor. As in a perfect capacitor, the 


current (curve C) leads the voltage (curve B) by a phi 


angle ork. 


20. Refer to text on pages 295 and 296, 


21. (i) As, Py 
In ideal inductor, current I,,,, lags behind applied 


Voish 


‘ris rng COS 


voltage Vj,,, by 1/2. 


2 O=n/2 

Thus, Pry = Vine lms C08 1/2 
= Vernet rns XO 
=0 


ase 


(ii) Brightness of the lamp decreases. It is because when iron 
rod is inserted inside the inductor, its inductance L 
increases, thereby increasing its inductive reactance X, 


22. (i 


(ii) 


23. (i) 


(i) 


24. (i) 


(i) Sharpness of x 
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X, and hence impedance Z of the cireuiy, Ay 
L 
Vins, go this decreases the current 


Vas in 


the circuit and hence the brightness of lamp 


‘As the dielectric slab is introduced betwee, 
plates of the capacitor. its capacitance 
increase. Hence, the potential drop across yy, 


capacitor will decrease, ie. V == 
As a result, the potential drop across the bulb will 
increase as they are connected in series. Thus, ig 
brightness will increase. 

As the resistance R is increased, the potential 
drop across the resistor will increase. As a 
result, the potential drop across the bulb will 
decrease as they are connected in series. Thus, 
its brightness will decrease. 


From graph (a), it is clear that resistance 
{opposition to current) is not changing with 
frequency, ie. resistance does not depend on 
frequency of applied voltage, so the circuit element 
here is pure resistive (A). From graph (b), itis clear 
that resistance increases linearly with frequency, 
so the circuit element here is inductive in nature. 


Inductive resistance, X= 2nvl => Xv 


Impedance offered by the series combination of 
resistance (R) and inductor (L). 


Z={R* +Xj= JR? +(2mvLy* 


In L-R circuit, the applied voltage leads the 


current by phase 6, where tan 9 = a 


Graph showing the variation of amplitude of 


Circuit current with changing frequency is given 
below. 


Re 
Land C fixed 


Current amplitude 


Frequency | 


s 
esonance Refer to text on ps 
299 and 300, 
Circuit become more selective if the resonance ® 
more sharp, maximum current is more, the cit! 
is close to resonance for smaller range of (280) 


frequenci 7. «eusit will be 
i cycles. Thus, the tuning of the circuit wil 


25. Refer to text on Page 301. 


26. Refer to text on Page 302, 


p0tint Current 


onsider the diagram, 
width =@2 ~ © 


i and 


m08 

one 
(rad/s) — 

syhere, @; and @, correspond to frequencies at which 


a ee ry 
magnitude of current is G times of maximum value. 


1 
1.= = A=OTA 
m2 v2 
Clearly, from the diagram, the corresponding frequencies 
are 0.8 rad/s and 1.2 rad/s. 
‘Ao = Bandwidth = 1.2- 0,8 =0.4 rad/s 
4 (i) We know that if the number of turns in the inductor 
decreases, then inductance L decreases. So, the net 
resistance of the circuit decreases, Hence, the current 
through the circuit increases, increasing the 
brightness of the bulb. 
(i) As the current increases and brightness of bulb 
increases, because L increases. 
(ii) If the capacitor of reactance X; = X, is connected in 
series with the circuit, then 


Zai(X,- Xe) +R? 
= Z=R (eX, =X 
This is a case of resonance. In this case, the maximum 
current will flow through the circuit. Hence, the 
brightness of the bulb will increase. 
48, () Refer to text on pages 296 and 297. 

(i) When DC source is connected, the condenser is 
charged but no current flows in the circuit. Therefore, 
the lamp does not glow. No change occurs even when 
Capacitance of capacitor is reduced. 

When AC source is connected, the capacitor offers 


Capacitive reactance X- = al The current flows in 
o 


the circuit and the lamp glows. On reducing C, X¢ 
increases. Therefore, glow of the bulb reduces. 


%, 
Refer to the text on pages 300 and 301. 


: 20 inductor, the current lags the voltage by 90°. If the 
me Voltage is sinusoidal, then the current is also 
"nisoidal, but shifted in phase, The instantaneous 
is defined as the product of the instantaneous 
tage and current can also be seen to be sinusoidal in 
int: However, in contrast to the resistive load, the 
pap aneous power in the inductor goes negative for 
Of the cycle of the source driving it. 
* MO Vysin ot 
i ~ 1, cos ot 
taneous power, P= V(t)-J(t) 
= V,sin wt x (- J, £08 wt) 
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= Yom 2 sin wt cos Ot 
2 


Valn (sin aot + sin 0] 


=— Yale sin dot 
2 


The variation of P, with wt is as given in the figure. 


The instantaneous power alternates positive and negative 
at twice the frequency of source supplying it. 


32. Let (1,,4), = rms current in circuit (a) 


(Ipqe)é = FMS current in circuit (b) 


© YR +X = Xe 
(i) When (Togs = liao 


R= YR? +(X,- Xe)" 


> X,=X¢ in resonance condition 
(ii) As, Z2R 


Crs R 


=221 
R 


= (ins) a 2 Las) 
No, the rms current in circuit (b) cannot be larger than 
that in (a). 


33. (i) Consider the R-L-C circuit as shown in the figure. 
Given, V=V,sin cot 
Let current at any instant be i. 


—* 
R L 
Note We have to apply KVL, write the equations in the form 


of current and charge, double differentiate the equation with 
respect to time and find the required relations. 


Applying KVL in the given circuit, 


di q : 
R+ Lo +o Vqsin ot =0 +i) 
Now, we can write, dt = aq 
dt at? 
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F 
rom Eq. (i), we get 
a a? 
Gp. dq 
att hots Lev, sino 
a 
= 18a. nde 
siete acne ss 
charge.” "*@uired equation of variation motion of 
Gi) Let 
4 = dn sin (or + 9) =~ gq cos (ot +4) 


im Sin (cot + >) = q,, «2 sin (wt + 4) 
A y, 


a VR + (Xe X,)? 
and $= tan™ (4) 
R 


When Ris short circui 
Landc. circuited at t 


p= =4y Vn 
2 [YR + (Xe — Xi)" 


2 
‘a) cos? (Mt) + >) 


, energy is stored in 


2 
sin?(ct + 6) 


cos * (wt, + 6) (in = dn] 


ae Vin cos? (ty +4) 
2C | [R? + (Xe - Xi)" a 


2 

1 y, , 

=I cos *(wt,+ 4) 
alee =| i 


(iii) When R is short circuited, it becomes an nee 
oscillator. The capacitor will go on discharging and all 
energy will go to L. 
Hence, there is an oscillation of energy from 
electrostatic to magnetic and again to electrostatic. 


BA. Refer to text on page 298. 


35. (i) Refer to text on page 299, 

Gi) Let initially, 7,be current flowing in all the three 
Creuits. If frequency of applied AC source is 
increased, then the change in current will occur in 
following manner. 
(a) AC circuit containing resistance only where, 

4, z initial frequency of AC source, 


1t 


of 


— 


Frequency of AC source 


there is no effect on current with the increase in 
frequency: 
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ing inductance 
) AC elreult contain! i 
eae of frequency of AC sources ih 

tig 


reactance increases as. 
v, 
J= 


X, = anvil 
=> X,=2nvh 

1 
For given cireuit, fe 


Current decreases with the increase in frequency 


7 


of 


vi 


v— 


Frequency of AC source 


(©) AC circuit containing capacitor only 
1 1 


@C anv 

y, v, 
current, = Let = 
< 
anv 

T= 2nVCV ing 


For given circuit, I = v 
Current increases with the increase in frequency. 


vi 
v— 
Frequency of AC source 


36. Refer to text on page 298. 

For graph showing variation of current with 
frequency Refer to text on page 299. 
‘The receiving antenna picks up the frequencies 
transmitted by different stations and a number 
appears in L-C-R circuit corresponding to differen! 
frequencies. But maximum current flows in circuit for 
that AC voltage which have got the frequency is ¢ 
resonant frequency of circuit 

1 


ie. 2 
¥ anv Lc 


For higher quality factor resonance, th 
from other stations becomes weak due to shatPh** iy 
resonance, Thus, signal of desired frequency pe 
is tunned in, 
87. (i) Refer to text on pages 297, 298 and 299. 
(ii) Acceptor circuit is series L-C-R circuit, 
38. For graph refer to text on page 299 and for 0 
and Q-factor refer to text on pages 299 and 30° 


of voltast 


ived 
ignal rece? 
e sig of 


ato”? 


r matin Current 
0 pevice X is a capacitor. 

9. : 

$ As, the current is leading voltage by ta alana 
: ; ' 

ii) AS: E (t)= E,sinot 

‘ Current, 1(t)=1, cos at 

‘As, in the case of capacitor, 


F T 

=i,sin (w +4) [current is leading voltage] 

Average power, P= E(t)I(t)=E 41, cos/2 

where, O= phase difference 

Hence, curve A represents power, curve B 

voltage and curve C represents current. pega 

sae a 

iii) As, Xc = Capacitive reactance = — 
i) Co 


where, @ is angular frequency. 


So, reactance or impedance decreases with increase 
in frequency. Graph of X. versus w is 
shown below, 


Phasor diagram 


Current leads emf by 7/2 radians 
(iv) Refer to text on page 296. 
40. (i) Refer to text on page 300. 

(ii) Average power delivered by an AC circuit is 
Py, = Von! sma 608 9 
where, cos > is known as the power factor for the 
circuit, 
If cos is minimum, the power delivered is 
minimum and hence, power dissipated will be 
maximum for the circuit. 

(iii) Refer to text on page 301. 


4l. (a) Given, V = V,sinwt 
I= isin (or + *) 


As it is clear that, the current leads the voltage by a 
phase angle 5 


*. The device X is a capacitor. 


0) The reactance of the capacitance is given as 
ae 

aC 

Where, @ = angular frequency 


Xo= 
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and C= capacitance of capacitor. 


1 
where, v= frequency of AC or X¢ oF 


:. The graphical representation between reactance of 
capacitance and frequency is given as 


Xe 


(d) Phasor diagram 


Ig sin (ot+n/2) 


42. (i) As given, E =140sin314t 
On comparing with E = E, sin wt, we have 
@ = 314, £,=140V 


a ox 
2x314 


43, Given, L =0.5H, R=100Q, 
v=50Hz, V,., = 240 V 


Vem 


2x 240 


ii 
(I= 0 7 
2 Yat a8! 00) + (00x x 0597 


[-o = anv = 100 n] 
=182A 
(ii) 3.1910s; refer to Example 5 of on pages 298 and 299. 


44, (i) Impedance, Z = /R? + X2 
2 
= RY + (25) 
2nvC 
1 2 
=, |(40)? (ote =48: 
2% 3.14 x 60 X 100 X107® 2 


As ys Et oy, =2OV 


and [y= V2 ly = 1.414 xo =3.24A 
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1 

RoanvcR 

eee ee 
2x3.14 x60x104 x40 


(ii) As, tang = 


= 0.6628 


od $=tan™ (0.6628) = 33.5°= oo rad 


o 33.5n . 1 
@ 180 2nx60 
=1,55x107s 


<- Time lag, = 


45. Given, applied voltage, V=140sin100n¢V 


46. 


c = Oy 30 19-6 Fr, 
rT T 


2H, R=4000 
™ 


Comparing with V'= V, sinwt, we get 
Vy =140 V and w =100n 
Inductive reactance, X, = @L = 1000 x= =5002 
7 


Capacitive reactance, X¢ = = 
ac 


Impedance of the circuit, Z = R? +(X,—X-)? 
= (400)? + (500— 200)” 
= ¥1600+900 = 500 Q 


Maximum current in the circuit, 
Yo _ 0 


Vie a¢rOSS resistor, Vy = 
= 0.2 400=80V 

Vis across inductor, Vp = Tem X1 

1.2 * 500 = 100 V 


Vom across capacitor, Vo= Lim Xe 
= 0.2% 200= 40 V 


Now, VEVR tV, + Vo 
Because Ve, V; and V, are not in same phase, instead 


ve \vi+-Ve 
= 60? + (100-40)? =100V 


which is same as that of applied rms voltage, 


Refer to Example 7 on page 301. 
= 135° 


1 
Since, @L<7e orX,< Xe 


‘Therefore, current is leading in phase by a phase angle 
135°. 


47. 


48. 


49, 


50. 
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(ii) For unit power factor, cos 6 
x 1 
= 
where, C’ is the total capacitance 
=> Ret (0 -— 
1 
oL=— 
- oc’ 
1 1 
=100=—~=— 
- ove w@C 1000 
> = e107 F =10nF 


10° 
Additional capacitance C’ required in parallel 


=C’—C =10pF -2pF =8uF 


Refer to Example 7 on page 301. 
Phase difference, oF 
Here, Ey =10 V, v =650 Hz, R=1002, 
C=10NF = 10x10 ° F, Lh = 015H, 
= 10°C, ms =2J/°C 
As, X,=2nvL=2x 2 x 650 x 015= 612.862 


1 


and X¢ = 24480 


* 
Qmc ..22... gs 
eRe 2x 2 x 650 x10 x10"* 


= Z= JR? +(X,-X,)* 
= (100)? + (612.86— 24.48)*= 59682 2 


E, 10 
= pote 10. 
vz 59682 98 
As, I;Rt=(ms) A6 
ms) A _ 
(ms) 6 Pt ras 
TER * (@0168)? x 100 
Given, L = 20H,C = 2F=2x10°°F, 
R=10Q 
Now, Q-factor = 1 fea 
10V mat ae 
1 
= [pa = loo 
As, resonance fre 1 
quency, v= 
2anVLC 
ie. Voc 1 
ve 
Ws ented 1 


) Refer to Example 6 on page 317, 
y= 3980 Hz 


1. @ 


(i) 
“es =10H,C =40 = 
given, L=1 HF, R= 609, v,,,= 240 


(i) Refer to the Q. 54 on page 320, 
@, = 50 rad/s 


(i) Current at resonating frequency, 


rms Vers 
I, Tae t 


(i) Inductive reactance, X, = @L 
At resonance, X, = @,L =50x10=5009 
Potential drop across inductor, 
Ves = Jims * X_ = 4X 500= 2000V 
53, Given, L = 20H, C = 32x10"° Fand R=10Q9 
1 1 


o,=—— = 


"VLC Y20x32x1078 


54. Refer to Q. 51 and Q. 52 on page 306. 
[Ans. 0.112 x 10° rad/s, 5A; 2.23] 
55. 111.1 rad/s and 45.04; Refer to Q. 52 on page 306. 


Now, to reduce the full width of half maximum by a 
factor of 2 without changing @,, we have to take 


(il) Net power consumed, 
- P,, = Eyly = 220% 2.2 = 484 W 
' Given, inductance, L = 44mH =44 x 10H, Vi 
Frequency of inductor, v = 50 Hz 
Inductive reactance, X, = anv 


*2X3.14 x50 44 x107 = 13.82 2 
Therms value of current in the circuit, 
I= Vass = 240 21598 
ms 


X, 13.82 


at resonance, Z = 


58. 


R) 


59. 


=220V 
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Power absorbed, P = Vine Lim CO8 9 
For pure inductive circuit, = 90° 
P=0 
Thus, power spent in one half cycle is retrieved in the 
other half cycle. 


Given, C = 60 1F = 60X10 F, Ving =110V 


and 


v=60Hz 


Togng = Von 20VC 
= 110X2x3.14x60x60x10° =25A 
Power absorbed, P = Vil meCOS 
For pure capacitive circuit, 9 = 90° 
P=0 
Thus, power spent in one half cycle is retrieved in the 
other half cycle. 


Given, L =5H, C = 80uF = 80x10 °F, 
R=40.Q, Vg, = 230V 
(i) Resonance angular frequency, 


1 1 
0, = = = = 50 rad/s 
"ic fsxsoxi0-® 


(ii) Impedance, Z = ,|R? + (ww = 2) 
ac 


1 
At resonance, @L = — 
wc 


Z,=R=40Q2 
Amplitude of current at resonance frequency, 


(iii) Potential difference across L, 
Vp = Ling % (0, X L) 
=5.75X 50X5 = 1437.5V 
Potential difference across C, 
1 5.75 
V,.=1,..X —=———_— 
coe @C 50x 80x 10°* 
. Potential difference across L and C combination, 
J 
Vic = Ino = 2] =0 


o 


= 1437.5 V 


«. Potential difference across R, 
Vp = TuqgR= 5.75% 40= 230 V 
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60. Given, 1 = 80 mH = 80x107H, R=0,v=50Hz 
C =60F = 60x10" F, 
© = 2v =100n rad/s 


1007 x 80 x 109 - _1__ 
100m x 60 x 10 
=e ses A 
ee) 
8n-—— 
( ox 
Jy _- 11.63 
Tyms = =- 823A 
v2 V2 


Hence, negative sign indicates that emf lags behind 
the current by 90°. 


(ii) For L, Vi, = J,,40L 
=8.23%1000 x80x107 


= 206.84 V 
For, Vee = Igo = 8.23% 4 
ve ™ eC” 100R x 60x 10-* 
= 436.84 V 


Since, voltage across L and C are 180° out of phase, 
therefore they are subtracted, 


Thus, applied rms voltage = 436.84-206.84 
= 230.0V 


(iii) Average power transferred per cycle by source to 
inductor is always zero because of phase difference 
of /2 between voltage and current through L, 

(iv) Average power transferred per cycle by the source to 
capacitor is always zero because of phase difference 
of 1/2 between voltage and current through C. 
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(v) 2. Total average power absorbed by the citeni ia 
0. 

61. ean L£=0.12H, C =480 nF = 48010 F 
. Given, 


R= 23.2, Vom, =230V, Vy = 23002 y 


Yo 


2 
a 
2 ele 
R (ot a) 


1; would be maximum, if 
1 
=0=7—= 
oso" {ie 
1 


~ ora x 480x107 


= 41667 rad/s 


@ I= 


®, 

+. Source frequency, v, = 5 

4166.7 

on 

Vy _ ¥2x 230 
R23 
=1414A 

(ii) Average power absorbed by the circuit is maximum, if 

I=1,ato=0, 


= 663.14 Hz 


2R = pos? x23 


= 2299,3 W = 2300 W 
(ii) Power transferred to circuit is half the powet 
resonant frequency, when 


do=R-_23__ 95.83 rad/s 
2b 2x012 
So E 

Avs 0. 83 is ote 
2n 2n 


“. Frequency when power transferred is half 
=v, + Av= 663.14 +15.2 

678.34 and 647.94 Hz 

*. Current amplitude at these frequencies 


ef : 
ote EE 49 4 
21.414 
(iv) Q= Ob _ 4166.7 0.12 


R > agg 21.74 


jfoPIC 3| 
AC Devices 


ae oil is an electrical device used 
vent in al AC circuit without wasting ele 
a 
ip (7 of heat. 
() To reduce low frequency alternating currents, choke 


coils with laminated soft iron cores are used. These are 
alled af choke coils. 


(i) To reduce high frequency alternating currents, choke 
coils with air cores are used. These are called rf choke 


coils. 


TRANSFORMER 


Iris a device, which is used to increase or decrease the 
shernating voltage. ° 
The transformers are of the following types 

1, Step-up transformer 

2, Step-down transformer 


for controlling 
ctrical energy in 


Laminated 
core 


Input Output 
AC 
source) primary secondary 
coil (p) be 
Step-down transformer 
Principle 


Tranformeris based upon the principle of mutual induction. 


Construction 
consists of two coils, primary coil (p) and secondary coil 
*h insulated from each other wounded on soft iron ae 

the primary coil is the input coil and secondary e is 
® output coil, These soft iron cores are laminated 10 
Mimise eddy current loss. 


Notking and Theory ae 
* Value of the emf induced in secondary ond the 

petating voltage applied to primary coil pe aie 
ber of turns in the secondary coil. We consi ‘negligible 
“ormer in which the primary coil has 


resistance and all the flux in the core links both primary and 
secondary windings. Let be the flux in each turn in the 
core at time ¢ due to current in the primary when a voltage 
V, is applied to it. 
Then, the induced emf or voltage £,, in the secondary with 
N, turns is 
db - 
E,=-N,— + (i) 
2 ' dt 

The alternating flux also induces an emf, called back emf 
in the primary. This is 


db : 
E,=-N, WE ++(ii) 
But £, =V,,. If this was not, so the primary current would 
be infinite, since the primary has zero resistance 


(as considered), If the secondary is an open circuit or the 
current taken from it is small, then to a good approximation. 


E,=V, 


where, V, is the voltage across the secondary. 
Therefore, Eqs. (i) and (ii) can be written as 


db 
V,=-N,— «(iii 
‘ b (iii) 
and v=-n, 2 wiv) 
From Eqs. (iii) and (iv), we have 
V, _N, 
att wal) 
v, N, 


The above relation has been obtained using three 
assumptions. 

(i) The primary resistance and current are small. 

(ii) The same flux links both the primary and the 

secondary as very little flux escapes from the core. 
_ (iii) The secondary current is small. 
If the transformer is assumed to be 100% efficient 
(no energy losses), the power input is equal to the power 
output. Since P= /V, we get 
I,V,=1,V, «(vid 

Although, some energy is always lost, still this is a good 
approximation, since a well designed transformer may have 
an efficiency of more than 95%. 
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Combining Eqs, (v) and (vi), we have 


-(vii) 


Since, J and V both oscillace with the same frequency as the 
AC source, Eq, (vii) also gives the ratio of the amplitudes oF 
rms values of corresponding quantities. 


Now, we can observe how a transformer affects the voltage 
and current, we have ; 


N N - 
Vv, (3) and Jf, -(%] J, (viii) 


That is, if the secondary coil has a greater number of turns 
than the primary (ie.V, > N,, ), the voltage is stepped up 
(, >V,). This cype of arrangement is called a step-up 
transformer. However, in this arrangement, there is less 
current in the secondary the 


than in 
(ue.N,/N, <land I, <I,). 


primary 
If the secondary coil has less number of turns than the 
Primary (i.c..N, < NV, ), we have a step-down transformer. 
In this case, V, <V, and /, >/,. That is, the voltage is 
stepped-down, (or reduced) and the current is increased. 


The equations obtained above apply to ideal transformers 
(without any energy losses). 


Energy Loss in Transformers 


In actual transformers, small energy losses do occur due to 
the following reasons. 

(i) Flux leakage ‘There is always some leakage of flux that 
is not all of the flux due to primary passes through the 
secondary. This is due to poor design of the core at the 
air gaps in the core. It can be reduced by winding the 
primary and secondary coils one over the other, 
Resistance of the windings The wire used for the 

windings has some resistance and so, energy is also 
lost duc to heat produced in the wire (/? 2) 
current, low voltage windings, energy loss, 
minimised by using thick wire. 

Eddy currents The alternatin 
eddy currents in the iron core 
effect is reduced by having a | 


(ii) 


- In high 
cS are 
(iii) Magnetic flux induces 
and causes heating. The 
laminated core, 
Hysteresis The magnetisation of the core is 
repeatedly reversed by an alternating magnetic 


(iv) 


field. 
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ulting expenditure of energy in the Core 

| ; ini 

The et as heat and is kept to. a minimum by Usin, 
appears @ 


je mat 
magnetic ma 


ansformers 
aes used in almost all AC operations, Someg | 
de allowing are given below. 
(i) In the induction furnaces. : 
(ii) In voltage regulators for TV, computer, relia 
etc. ; 
(iii) A step-down transformer is used for the Purpose ¢ 


weldings. 


hh current is drawn 
KAMPLE |1| How much cu by the 
ee coil s : transformer which steps down 229 Vib 
22 V to operate device with an impedance of 2200? 


Sol. Given, 220V, E, =22V and R, = 2200 
Since, I, O1A 
1, _E 
In an ideal transformer, 2 = + 
1, E, 


2x0, ~2 
eX 1%, 


EXAMPLE |2| A step-down transformer converts 2 
voltage of 2200 V into 220 V in the transmission lit 
Number of turns in Primary coil is 5000. Efficiency 


transformer is 90% and its output power is 8 Hi 
Determine 


(i) number of turns ii 
(ii) imput power, 
Sol. G 


in the secondary coil. 


", E,=2200V,E, = 220V, N , = 5000 
Efficiency, nN=90% 


Output power, P= skw 
Since, efficien 


= Ourput power _ P 


ee ok 
Input power B 
= 2 8 
=— 8 _ <s9kw 
n 90/100 
Also, E 
$= N, =500 


Pp 


erial which has a low hysteresis ee’ | 


+9 Current 
_ gtr 


||TOPIC PRACTICE 3 | 


pplECTIVE Type Questions 


{, Apower transmission line feeds input power at 

" 9300 V to a step-down transformer with its 
primary windings having 4000 turns. What 
should be the number of turns in the secondary 
in order to get output power at 230 V2 
(@) 600 (b) 550) 400 (ay 75, 

}, The output of a step-down transformer is 

measured to be 24 V when connected to a 12 W 
light bulb. The value of the peak current is 


NCERT Exemplar 
(@)2A 


(2A 


()V2A 
(OPNED 
3, What is not possible in a transformer? 


(a) Eddy current (b) Direct current 
() Alternating current (d) Induced current 


_ 


The large scale transmission and distribution of 
electrical energy over long distances is done 
with the use of 


(a) dynamo 
() generator 


(b) transformers 

(d) capacitor 

A60 W load is connected to the secondary of a 
transformer whose primary draws line voltage of 
20 V. If a current of 0.54 A flows in the load, 
then what is the current in the primary coil? 

() 27a (b) 0.27A 

() 165A (d) 2.85.4 


"RY SHORT ANSWER Type Questions 
& can we control direct current without much 
Oss of energy? Can a choke coil do so? 
* Write the name of quantities which do not 
change during transformer operation. 


* Mention the two characteristic bleep ofthe 
Mater i ing core ofa ‘ 
ial ame for making AllIndia 2012 
¢ i ie. 
* Atransformer is used to step-down AGE 
at device do you use to step-down 
Voltage? 
sn i ri and 
* Atransformer has 150 turns in its owes aa 
0 in secondary. If the primary ? 
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to 440 V DC supply, what will be the induced 
voltage in the secondary side? 


What would happen if the primary winding of a 
transformer is connected to a battery? 


SHORT ANSWER Type Questions 


12. 


8B. 


14, 


A100% efficient transformer has n, tums in its 
primary and n, turns in its secondary. If the 


power input to the transformer is W (watt), 
what is the power output? 


Answer the following questions. 

(i) A choke coil in series with a lamp is 
connected to a DC line. The lamp is seen to 
shine brightly. Insertion of an iron core in 
the choke causes no change in the lamp's 
brightness. Predict the corresponding 
observations, if the connection is to an AC 
line. 

(ii) Why is choke coil needed in the use of 
fluorescent tubes with AC mains? Why we 


cannot use an ordinary resistor instead of 
the choke coil? NCERT 


When a DC voltage is applied to a transformer, 
the primary coil sometimes will overheat and 
eventually burn. Explain, why? 


LONG ANSWER Type I Questions 


15, 


17. 


Write the function of a transformer. State its 
principle of working with the help of a diagram. 
Mention various energy losses in this device. 
Delhi 2016 
Transformer A has a primary voltage E,anda 
secondary voltage E,. Transformer B has twice 
the number of tutns on both its primary and 
secondary coils compared with transformer A 
Ifthe primary voltage on transformer B is 2E,, 
what is its secondary voltage? Explain briefly. 


At a hydroelectric power plant, the water 
pressure head is at height of 300 m and the 
water flow available is 100 m‘/s. If the turbine 
generator efficiency is 60%, estimate the 
electric power available from the plant. 

(Take, g = 9.8 m/s”) 


» 1 MW power is to be delivered froma power 


station to a town 10 km away. One uses 
Cu wires of radius 0.5 cm for this Purpo: 
Calculate the fraction of ohmic losses t 
transmitted, if 


a pair of 
SE. 
‘0 power 
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G) power is transmitted at 220 V. Comment on 
the feasibility of doing this. 

Gi) a step-up transformer is used to boost the 
voltage at 11000 V, power transmitted, then a 
step-up transformer is used to bring voltage 
is 220 V. (Take, pg, = 1.7x 1075 SI unit) 

NCERT Exemplar 


LONG ANSWER Type II Questions 


19. @) Draw a labelled diagram of a step-down 
transformer. State the principle of its 
working. 

(i) Express the turn ratio in terms of voltages. 

(iii) Find the ratio of primary and secondary 
currents in terms of turn ratio in an ideal 
transformer. 


(iv) Define choke coil. All India 2016 


20. Draw a schematic diagram of a step-up 
transformer. Using its working principle, 
deduce the expression for the secondary to the 
primary voltage in terms of number of turns in 
the two coils? In an ideal transformer, how is 
this ratio related to the currents in the two 
coils? How is this transformer used in large 
scale transmission and distribution of electrical 
energy over large distances? 


NUMERICAL PROBLEMS 


24. How much current is drawn by the primary of a 
transformer connected to 220 V supply when it 
delivers power to a 110 V-550 W refrigerator? 

All India 2016 


22, A power transmission line feeds input Power at 
2200 V to a step-down transformer with its 
primary windings having 3000 turns. Find the 
number of turns in the secondary winding to 
get the power output at 220 Vv, Delhi 2017 


23. 1kW power is supplied to a 200 turns primary 
of the transformer at 500 mA. The secondary 
gives 220 V. Find the number of turns in the 
primary. 

24. The primary coil of an ideal step up 
transformer has 100 turns and trans 
ratio is also 100. The input voltage and Power 
are respectively 220 V and 1100 W. Calculate 

(i) the number of turns in secondary, 
(ii) the current in primary, 
(iii) the voltage across secondary. 


formation 


25. 


26. 


27. 


28. 


29. 


30. 
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he current in secondary. 


(iv) the power in secondary. 


we Delh2n, 
A60 Wload is connected to the Secondary of 
transformer whose primary draws line Voltage 
If current of 0.54 A flows in the load, what is the 
current in the primary coil? Comment on the 
type of transformer being used. NCERT Exempla, 


-up transformer is operated on a25 
fie supplies a load with 20 A. The ratig 7 
the primary winding to the secondary is 19.1, 
Ifthe transformer is 90% efficient, calculate 
(i) the power output (ii) the voltage and 
(iii) the current in the secondary. 


Astep-down transformer is used at 220 V to 
provide a current of 0.5 A to a15 W bulb. Ifthe 
secondary has 20 turns, find the number of 
turns in the primary coil and the current that 
flows in the primary coil. 


Astep-up transformer operates on a 220 Vine 
and supplies a load of 2 A. The ratio of the 
primary to the secondary windings is 1:5, 
Determine the secondary voltage, primary 
current and power output. Assume efficiency to 
be 100%, . 


Asmall town with a demand of 800 kW of 
electric power at 220 V is situated 15 km away 
from an electric plant generating power at 
440 V. The resistance of the two wires line 
carrying power is 0.5 Q/km. The town gets 
Power from the line through a 4000-220 V 
step-down transformer at a sub-station inth® 
town, 


(i) Estimate the line power of loss in the form 
of heat. 


(ii) How much power of the plant supply, 
assuming there is negligible power loss 


to leakage? 7 
(ili) Characterj pat 
is step- forme! 
ne ise the step-up trans! cert 


Do the same 
replacement 
40000-2290 
as before, rT 


question as above with the 5 
of the earlier transformer myth 
V step-down transformer (ne 
leakage losses though this may" 
“2004 assumption any longer beca¥s*% 


th ‘ F eg 
e Very high Voltage transmission involv” is 


Hence, expla; a‘ missiN as 
Prefere explain Why high voltage trans™™ gl 


4 


per Current 


| | INTS AND SOLUTIONS | 


) Heres Ep = 2300 V, N, = 4000, €, = 230 V * 


|. aN, be the required number of turns in the secondary 
N. 


Ps & 
NEN, 


ep 


230V 
= 4000) ——_| = 4 
(& ") ” 


) secondary voltage, V; = 24V 


2 (0) 
power associated with secondary, 
P =12W 
BR _ 12 
I,== 
V; 24 
=1A=05A 
2 


Peak value of the current in the secondary, 
1, 21,42 
A 


=(05) (1.414) = 0.707 = ! 
2 
3 (b) Transformer is used to convert the value of AC 
voltage. It works on the principle of electromagnetic 
induction. So, direct current is not possible in it. 
4) Large scale distribution and transmission of electrical 
energy over long distances is done with the help of 


transformer. 
5) P=60W,£, = 220V, i, = 054A 
As, P=é,i 
= = 00W -110Vv 
054A 
As, Epip = Eni, 


(235) (054 A)=027 A 
2200V. 


. _{e,), 
fe 
ep 


6 No, there is no such device that can com! 
any energy loss, Even a choke coil canno 


trol DC without 
1 control DC. 


' Power and frequency. 
* () Low retentivity or coercivity- 
{t) Low hysteresis loss or high P 
Susceptibility. 
* An ohmic resi dt 
esistance can be use! 
Voltage, such as in potential dividing arrangement 
: i in case 
Zero, as transformer works only in AC and in 
Supply, there is no induced emf in ste a 
jase there is no change jn flux throug) 
"ansformer circuit. 


ermeability and 
10 step-down DC 


10, 
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11. ‘Transformer works only in AC. When primary is 
connected to DC, there is no induced emf in secon 
coil as there is no change in flux leakage. 


12. For 100% efficient transformer, F =P, 


vs The power output is W (watt). 
13. (i) A choke has no impedance, if it is connected to DC 
line. Therefore, lamp shines brightly and has no effect 
on inserting iron core in the choke. 
But choke offers impedance, if it is connected to AC 
line. So the bulb lights dimly. When an iron core is 
inserted in the choke, the impedance to AC increases. 

Hence, the brightness of the bulb decreases. 


(ii) We use the choke coil instead of resistance because 
the power loss across resistor is maximum, while the 


dary 


power loss across choke is zero. 
For resistor, 6 = 0°, 
P= TgVrne COS 0° 


= Dogg * Vee = MAXUM 
For inductor, (choke coil) 
6=90°, 
P= TaggVine COS 90° = 0 


44, Ifina case, the transformer primary winding would be 
connected to a DC supply, the inductive reactance of the 
winding would be zero as DC has no frequency. So, the 
effective impedance of the winding will therefore be 
very low and equal only to the resistance of the copper 
used. Thus, winding will draw a very high current from 
the DC supply causing it to overheat and eventually 
burn out, because as we know [ = V/R. 

15. Refer to text on pages 315 and 316. 

16. Given, Nyy =2N pay Nas = 2Neas Eps = 2E pa 

N, = E, 
N, E, 

Nw _ 2Nu _ Ee 

Nis 2Npa Ege 

E E, E, 

Sit 2 8 = Ey = 2Ey 

Ey 2Eya, Epa 

+s Secondary voltage on transformer Bis equal to the 


Jwice of secondary voltage on transformer A, 


17. Given, height, h=300m, V = Yolume _ y00m"/s, 
second 


1)= 60%, g= 9.8 m/s* 


As we know, 
For transformer B, 


=> 


Electric power =? 


‘orce x Displacement 


Hydroelectric power =~" 
electric power = 
¥ 7 Time Time 


= Force x Velocity 
= Pressure x Area x Velocity 
= Pressure x Volume= px V 


“Power avalable= 52 py = 2achxpxexv 
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300 X10" «9.8 100 


aie 


Fy 
[+ density of water = 10°kg /m?] 
= 1.764x10" = 176.4 MW 


~ G) The town is 10 km. away, length of pair of Cu-wires 
used, 1 = 20 km = 20000 m. 
Resistance of Cu wires, 


18. 


-* 
R=ptep I x 10 x 20000 4 9 
A xr)? 3.14 (0.5 107?) 


Tat 220 V, VI =10° W; = 1 = 0.45 108A 
220 


RI* = power loss = 4% (0.45)? x 10°> 10° W. 
Therefore, this method used for 
transmission. 


(i) When power, P =10° W is transmitted at 11000 V. 
V7'= 10° W= 110007" 


Current drawn, /’=—_ x 10? 
11 


cannot be 


Power loss = RI? = = x4 «10° =3.3x10'W 
1 


<: Fraction of power loss 


19. Refer to text on pages 315 and 316, 
20. Refer to text on pages 315 and 316, 
21 (iv) P,, = Pay =550W = ep! , =550 
550 
220 
22. Given, input voltage, V, = 2200 V 
Number of turns, n, = 3000 
Output voltage, V, 


220x1, =550=> 1 


As, 
=> 
2200 3000 

22 
= n, = = x 3000 

2200 
+. Number of turns in the secondary winding, 

n, = 300 turns, 


23. N, = 22; refer to Q. 22 on page 318, 


24. Here, N =100, © =100 
’ N, 


£, = 220V, P =1100W 
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Ns ye, = 100% 220 = 22000 V 
(ui) es ener 
p, 1100 1, i 
(iv) Te =o m2000 er LJ 
() B= R= =1100W 
(v) Bs = "o 
25. Here, power, P, = 60 W 
p= 054A 
coment, = OSA 


Voltage, Vi = T, 054 
=111.11 V=111V 
(On average, the input current is half a load current, 
0. 


‘The transformer is step-down. 
26. Given, input voltage, V, = 2.5x 10° Vv 
Input current, 1, = 20 
N, _10 
= 


‘i Ste 
Also, N, 1 


: Output 
Percentage efficiency = RUE POWER 100 
Input power 
90 _ Output power 


100 Vilp 


=> 


7 90 
(i) Output power = — x (VI 
put pr 00 (VE p) 


i) 3 
= — x (2.5 10°V)x (20 A) 
Tah V)x ¢ 


=45x 10° W 
Ny 
N, 
= vax, 
N, 
Voltage, 1s 25x 10° V = 250V 
10 
(i) V.L= 45x 10° W 
Current, y= 45% 10" _ 4.5% 10" _ gy A 


v, 250 : 
turns, 0.0682 A; refer to Q. 25 01 page! 
1900 V, 10 A, 2000 W: refer to Q. 26 on page 316 
. eae Power of electric plant = 800 kW at 

Disiancee: Fesistance/length = 052 /km oY. 
Primary se km, generating voltage = # 
‘age, V, = 4000 V 


Csrandary voltage’ v, = 220'V 
Power = 1 yt 


’ 
> 800 x 1000 = 


27. Approx 147 
28, 


29, 


I, * 4000 


ane mating Current 


= 1,=200A 

Line power loss in form of heat 
=(1,)° ¥R(2 lines) 
= (I,)* X05x15x2 
= (200)? x0.5x15x2 


=60x 10" W= 600 kW 
(ii) If there is no power loss due to leakage, then 
the power supply by plant = 800 + 600 = 1400 kW 
(iii) Voltage drop across the line = T,-R(2 lines) 
= 200x 0.5x 15x 2= 3000V 
Voltage from transmission = 3000+ 4000 = 7000 V 


As, it is given that the power is generated at 440 V. 
So, the step-up transformer needed at the plant is 
440-7000 V. 


30. Given, primary voltage, V, = 40000 V 
Let the current in primary be I. 
tA Vytp=P 
800 x 1000 = 40000 x7, 
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1, 220A 
(i) Line power loss =I; x R (2 lines) 
= (20)? x 2x 0.5% 15 
. = 6000W = 6 kW 
(ii) Power supply by plant = 800 + 6 = 806 kW 
Voltage drop on line pR (2 lines) 
=20x 2x 05x 15 
=300V 
Voltage for transmission = 40000 + 300= 40300 V 
Step-up transformer needed at the plant 
= 440 V-40300 V 
Power loss at higher voltage 


= x100= 0.74% 
800 


Power loss at lower voltage 
= £00 5 00 = 42.8% 
1400 
Hence, the power loss is minimum at higher voltage. 
So, the high voltage transmission is preferred. 


SUMMARY 


* Alternating Current If the direction of current changes. 
alternatively and its magnitude change continuously with 
fespect to time is called Alternating current. It is sinusoidal in 
nature. 

* The instantaneous value of AC is given by J =, sineot and 
instantaneous value of alternating emf is given by E = Ep sinwt. 

* Mean value of AC is thal value which send same change 
through a cicruit in half cycle which is sent by steady current in 
same time. 

* Ip, = 0.837 ip and Ey = 0.637Ey 
where, J, and E, are the peak values of current and voltage, 
respectively. 

* Root mean square (RMS) value of AC is that value over a 
complete cycle that generates same amount of heat in the given 
resistor that is generated by steady current in the same resistor. 


I, Tk 
os =—2and a 
Fre = fp a Ema = 


* Adiagram representing alternating current and alternating emf 
(of same frequency) as rotating vectors (phasors) with the 
phase angle between them is called phasor diagram. 


* AC through Resistor Only In this case, there is zero phase 
difference between instantaneous alternating current and 
instantaneous alternating emf. So, they are in same phase. 


* AC through Capacitor Only In this case, the current leads the 
voltage by a phase angle ots or the voltage lags behind the 
current by the phase angle of > 

1 
Capaciti actance, X =>—~— 
ipacitive rec X% Dal 

= AC through Inductor Only In this case, the current lags behind 
the voltage by phase angle ot 5 or the voltage leads the current 


by phase angle of 5 Inductive reactance, X, = 2nfl. 


= AC through L-C-A Series Circuit In this case, Impedance 


zor 


Xk 


o= 4G 
then the AG circuit is inductance dominateg | 


| 
| 
| 


and 


when X, > Xe» 
circuit. 
When Xo > X.: 


circuit. 
In series L-C-A circuit, if phase ($) between current and 


voltage is zero, then the circuit is said to be resonant circu. 
Resonating frequency |S given by, 
1 


ve ele 
lor (Q-Factor) determines the sharpness of the 


then the AC circuit is capacitance dominateg | 


Quality Fact 
resonance. 


Af 
Q-factor = Alc 
Average Power Associated in AC Circuit, 
Py, =Iims Eims COS 8 
to 
v2 


Wattless Current is the current which consumes no power et 
its maintenance in the circuit 


Transformer is used to increase or decrease the altrenaling 
voltage. 


tis of the two types 
(i) Step-up Transformer NS>Np 


Ve >My 

I<l 
(ii) Step-down Transformer N,<Np 
Vv, <Vy 
Tedely 


= p, = £2.10 cosa 
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(PRACTICE 


| plecTIVE Type Questions 


[fan AC main supply is given to be 220 V. What 
would be the average emf during a positive 
half-cycle? 
(a) 198V 
(0 256V 


(b) 386 V 
(d) None of these 


1. Mfan alternating voltage is represented as 
E=14lsin (628 t), then the rms value of the 
voltage and the frequency are respectively 
(a) 141 V, 628 Hz 
(0) 100 V, 50 Hz 
(c) 100 V, 100 Hz 
(@) 141 V, 100 Hz 


3, Ina purely inductive AC circuit, L=30.0mHand 
the rms voltage is 150 V, frequency v= 50 Hz. 
The inductive reactance is 
(a) 15.9Q (b) 9.422 (c) 102 


4. Inan AC circuit, the power factor 

(a) is zero when the circuit contains an ideal 
resistance only 

(b) is unity when the circuit contains an ideal 
Tesistance only 

(c)is unity when the circuit contains a capacitance 
only 

(4) is unity when the circuit contains an ideal 
inductance only 


(a) 8.852 


» Ifin an alternating circuit, the voltage is V and 
current is J, then the value of power dissipated 
inthe circuit is 

@) 

0) v2 

(Vina 


(@) depends upon the angle between Vand I 


* Inan AC circuit, the instantaneous values a 
emf and current are ¢ = 200 sin (314) Van 
T= sin(3i4r 40/3) A. The average power 


Consumed is 
(@) 200 w (b) 100 W 
() sow (d 3W 


10. 


il. 


Acoil of resistance 50 9 and inductance 10 H is 
connected with a battery of 50 V. The energy 
stored in the coil is 
(a)125J (b) 62.5) 


The value of power factor is maximum in an 

alternating circuit, when circuit consists 

(a) only inductive (b) only capacitive 

(c) only L-C (d) only resistive 

In R-L-C series circuit with 

C= 1.00 nF two values of R are 

(i) R =100 Qand 

(ii) R=200Q. For the source applied with 
V, = 100 V. Resonant frequency is 

(a) 1x10° rad/s (b) 1x 10° rad/s 

(c) 1.56 10° rad/s (d) 1.75x 10° rad/s, 


(c) 250J (d) 500 J 


The L-C-R circuit is connected to source of an 
alternating current. At the resonance, the phase 
difference between current flowing in the 
circuit and potential difference will be 

(a)zero  (b) n/4 (c) m/2 (dn 


The phenomenon of resonance is common 
among systems that have a tendency 

(a) to oscillate at a particular frequency 

(b) to get maximum amplitude 

(c) Both (a) and (b) 

(d) Neither (a) nor (b) 


The value of emf in the secondary coil of 
transformer depends on 

(a) the number of turns (b) material used 

(c) voltage (d) induced flux 


ASSERTION AND REASON 


Directions (Q. Nos. 13-21) In the following 
questions, two statements are given- one labeled 
Assertion (A) and the other labelled Reason (R). 
Select the correct answer to these questions from 
the codes (a), (b), (c) and (d) as given below 


(a) Both Assertion and Reason are true and Reason is 
the correct explanation of Assertion. 
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13. 


14. 


15. 


16 


17. 


18. 


19, 


20. 


(b) Both Assertion and Reason are true but Reason is 
not the correct explanation of Assertion. 

(c) Assertion is true but Reason is false. 

(d) Assertion is false but Reason is true. 


Assertion Today, most of the electrical devices 


* use/require AC voltage. . 


Reason Most of the electrical energy sold by 
power companies is transmitted and distributed 
as alternating current. 


Assertion PhasorsV and J for the case of a 
resistor are in the same direction. 


Reason The phase angle between the voltage 
and the current is zero. 


Assertion When the capacitor is connected to 
an AC source, it limits or regulates the current, 
but does not completely prevent the flow of 
charge. 

Reason The capacitor is alternately charged 
and discharged as the current reverses each 
half-cycle, 


Assertion Capacitor serves as a barrier for DC 
and offers an easy path to AC. 


Reason Capacitor reactance is inversely 
Proportional to frequency, 

Assertion If X¢> X_, dis positive and the 
circuit is predominantly capacitive. The current 
in the circuit leads the source voltage. 

Reason If X¢< X,, dis negative and the circuit 
is predominantly inductive, the current in the 
circuit lags the source voltage. 

Assertion Ina series R-L-C circuit, the 
voltages across resistor, inductor and Capacitor 
are 8V, 16V and 10V, respectively. The resultant 
emf in the circuit is 10 V. 

Reason Resultant emf of the circuit is given by 


the relation. 
E=\Vi+W, -VoP 


Assertion Resonance phenomenon is exhibited 
by a circuit only if both L andC are Present in 
the circuit. 


Reason Voltage across L andC cancel each 
other and the current amplitude is V,,/R, the 
total source voltage appearing across R causes 
resonance. 

Assertion In series L-C-R circuit resonance 
can take place. 
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Reason Resonance takes place if inductance 
and capacitive reactances are equal and 
opposite. 


21. Assertion The wire used for the windings of 
transformer has some resistance. 


Reason Energy is lost due to heat produced in 
the wire (/7R). 


CASE BASED QUESTIONS 


Directions (Q.Nos. 22-23) These questions are 
case study based questions. Altempt any 4 
sub-parts from each question. Each question 
carries 1 mark, 


22. The Transformer 


Transformer is a device, which is used to 
increase or decrease the alternating voltage, 
The transformers are of the following types 


1, Step-up transformer 2, Step-down transformer 


——sss—+ ,Laminatea 


core 
Input F Sutput 
shite D primary] secondary 
coil (0) coll(s) 
Le ae | 


Transformer is based upon the principle of 
mutual induction. It consists of two coils, 
primary coil (p) and secondary coil (s), insulated 
from each other wounded on soft iron core. 
Often the primary coil is the input coil and 
secondary coil is the output coil. These soft iron 
Cores are laminated to minimise eddy current 
loss. 
(i) What is not possible in a transfomer? 

(a) Eddy current 

(b) Direct current 

(c) Alternating current 

(d) Induced current 
(i) Which quantities do not change during 


transformer operation? 
(a) Power (b) Frequency 
(c) Voltage (d) Both (a) and (b) 


(ii) A transformer has 150 turns in its primary 
and 1000 in secondary. If the primary {8 
connected to 440 V DC supply, what will be 
the induced voltage in the secondary side? 
@ WV O3v @sy (d) Zero 


The ratio of seconda 
an ideal transformer 
p, then the ratio of 
input is 


to pri i 
.) ary, Primary tums in 
(i is 4:5. If power input is 


power output to power 


(a) 429 (b) 9:4 
(9 5:4 (@) 1:1 
(y) A power transmission line feeds input power 
® at 2300V to a step-down transformer with 
its primary windings having 4000 turns, 
What should be the numb 


‘ er of turns in the 
secondary in order to get 


output power at 


230 V? 
(a) 600 (b) 550 
(©) 400 (a) 375 


33, AC Generator 


An AC generator produces electrical energy 
from mechanical work, just the opposite of 
what a motor does. In it, a shaft is rotated by 
some mechanical means, such as an engine ora 
turbine starts working and an emfis induced in 
the coil. 

Itis based on the phenomenon of 
electromagnetic induction which states that 
whenever magnetic flux linked with a 


conductor (or coil) changes, an emf is induced 
inthe coil, 


() Which method is used to induce an emf or 
current in a loop in AC generator? 
(a) A change in the loop’s orientation 
(b) A change in its effective area 
(©) Both (a) and (b) 

(4) Neither (a) nor (b) 

(i!) When the coil is rotated with a constant 
angular speed «w, the angle 0 between the 
Magnetic field vector B and the area vector 
Af the coil at any instant f, is 
(a) 6= AB (b) 0= At 
©) @=0r (2) 6=Bt 

(a The change of flux is greatest at ® is equal to 
(given, 6, = NBAcosat) 

(@) 90°, 279° (b) 90°, 45° 
(©) 60°, o¢ (d) 180°, 90° 
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(iv) The graph below shows the voltage output 
plotted against time. Which point on the 
graph shows that the coil is in a vertical 
position? 


Yor p 


Q 
R 


(a) P (b) Q @R ds 

(v) An AC generator consists of a coil of 1000 
turns and cross-sectional area of 100 cm’, 
Totating at an angular speed of 100 rpm ina 
uniform magnetic field of 3.6 x 107*T. The 
maximum emf produced in the coil is 
(a) 1.77V (b) 2.77V 
(c) 3.77V (d) 4.77V 


VERY SHORT ANSWER Type Questions 


24, Prove mathematically that the average value of 


alternating current over one complete cycle is 
zero, 


25. Draw the graph showing the variation of 
reactance of (i) a capacitor (ii) an inductor with 
the angular frequency of an AC circuit. 


26. Distinguish between resistance, reactance and 
impedance for AC circuit. 


27, The total impedance of a circuit decreases, 
when a capacitor is added in series with Land 
R. Explain why? 


SHORT ANSWER Type Questions 


28, Show mathematically that an ideal inductor 
does not consume any power in an AC circuit. 


29. Discuss'the use of transformer for long distance 
transmission of electrical energy. 


30. What are the factors which reduces the 
efficiency of the transformer? 


31. What is iron loss in a transformer and how it 
can be reduced? 


LONG ANSWER Type I Questions 


32. Draw a circuit diagram, showing a series L-C-R 
circuit and derive an equation for its resonant 
frequency. . 

33. Explain the principle, construction and working 


of a step-down transformer. Can it be used with 
a DC circuit? 
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34. Fi 
Find the expression for the true power and 
condiin: Power in an AC circult. Determine the 
ndition so that current in the circuit may be 
wattless. 


35. An ac source of voltage, V =V,, sin @ f, is 


applied across a series L-C-R circuit. Draw the 

phasor diagram for this circuit when the, 

(i) capacitive impedance exceeds the inductive 
impedance. 

(ii) inductive impedance exceeds the capacitive 
impedance. 


36. Answer the following questions. 

(i) many AC circuit, is the applied 
instantaneous voltage equal to the algebraic 
sum of instantaneous voltage across the 
series elements of the circuit? Is the same 
true for rms voltage? 

(ii) A capacitor is used in the primary circuit of 
an induction coil. Why? 

(iii) An applied voltage signal consists of 
superposition of a DC voltage and an AC 
voltage of high frequency. The circuit 
consists of an inductor and a capacitor in 
series, Show that the DC signal will appear 
across C and the AC signal 


across L. NCERT 


LONG ANSWER Type II Question 


37. (i) Obtain the expression for the average power 
consumed in a series L-C-R circuit 
connected to AC source for which the phase 
difference between the voltage and the 
current in the circuit iso. 

(ii) Define the’quality factor in an AC circuit. 
Why should the quality factor have high 
value in receiving circults? Name the 
factors on which it depends, 


NUMERICAL PROBLEMS 
38. The electric mains in a house are marked 220 V, 
50 Hz. Write down the equation for 
instantaneous voltage. 
39. What is the power dissipation in an AC circuit 


in which voltage and current are given by 
E-= 300sin(wt + 1/2) and J = Ssinwt? 


4.0. How much current is drawn by the primary coil 
of a transformer, which step-down 220 V-44 V 
to operate a device with an impedance of 


44097 
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L@ 20 3 © 409 5a 
6. (od) 7. (a) 8. (a 9. (2) 10, (a 
I. (a) 12. (a) 13. (a) 14. (a) 15. (a) 
16. (a) 17. 


18. (a) The resultant emf in the L-C-R circuit is given by 


E=Vp+(V, - Vey 
= E = {sy + 16-10" 
> = 64436 = E=10V 


19. (a) It is important to note that resonance phenomenon is 
exhibited by a circuit only if both L and C are present in 
the circuit. Only then do the voltage across L and C 
cancel each other (both being out of phase) and the 
current amplitude is V,,/R, the total source voltage 
appearing across R. This means that we cannot have 
resonance in a R-L or R-C circuit. 

20. (a) 

21. () 

22. (i) (4) Transformer is used to convert the value of AC 
voltage. It works on the principle of electromagnetic 
induction, so direct current is not possible in it. 

(ii) (@) The power and frequency do not change in 2 
transformer operation. It changes voltage in a circuit. 

(iii) (@) As transformer works only in AC and in case of 
DC supply, there is no induced emf or voltage ia 
secondary because there is no change in flux through 
the transformer circuit. 

(iv) (d) In an ideal transformer, there is no energy loss and 
flux is completely confined with the magnetic cor. 
ive, perfectly coupled. 


So, a oy 


in 
(v) (c) Here, £, = 2300 V, N, = 4000, e, = 230V 
Let N, be the required number of turns in the 


secondary. 
te, . See 
& N, 


28. (i) (6) One method to induce an emf or current in 210° 
is through a change in the loop's orientation ° * 
change in its effective area, 

As the coil rotates in a magnetic field B, the effect® 
area of the loop (the face perpendicular to the fie!) 
Acos®, where 0 is the angle between A and B. 


anti Current 
2 


AU 


the coil is rotated with 

a (j When with a constant an, 

(i) eed @, the angle 6 between the aagtie held 

yector B and the area vector A of the coil at any 
instant f isO= at (assuming @ = 0° att =0), y 

ds | ‘ 

Gi @ ae = —NBAgsinwt, change of flux is Breatest 
for ot = 8 = 90°, 270°, = 90°, 270°, 

w @ When the coil passes through its vertical 

sition, its side is moving parallel to the magnetic 

flux between the magnetic poles, so no change of 
flux occurs. Hence, no emf is induced in it and 
output voltage is zero, i.e. at point Q. 

(@) (0 Given, N =1000, A = 100 cm? =107 m?, 


100 
y=100 rpm = —rps 
alr 

and B=36x10" T 


:. Maximum emf produced in the coil is 
ey = NBA ® = NBA (2nv) 


=1000%3.6x10 x107? x 2x 22 4100 
7 60 
=3.77V 
24, Refer to text on page 300. 
B. (i) (iy 
Yeh 
Xi 
I 
ee o> 


26, ‘The basic function of the three is the same ie. to 
oppose the flow of current through the circuit. But 
the difference lie in their expressions. As, 
Resistance, R= V/I 

ae 1 
Capacitive reactance, X¢ = ae 
Inductive reactance, X, = OL 
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Impedance, Z = JR’ +(X,—Xc)" 


27. Impedance of an L-R circuit is 


z={n+x, 


But with the introduction of a capacitor in series with a L 
and R, the new impedance will be 


2! =| R4+(Kp Xe)? 
Hence, the total impedance decreases. 

28. Refer to text on pages 295 and 296. 
29. Refer to text on pages 316. 
30. Refer to text on page 316. 
31. Refer to text on page 316. 
32. Refer to text on pages 297 and 298. 
33. Refer to text on pages 315 and 316. 
34. Refer to text on pages 300 and 301. 
35. Refer to text on pages 297 and 298. 
36. (i) Yes, it is true for instantaneous voltage. 


No, it is not true for rms voltage because voltages across 
various elements may not be in same phase. 


(ii) Because when the circuit is broken, then the large 
amount of induced voltage is used up in charging the 
capacitor. Thus, sparking is avoided. 

(iii) X, =o =2nvL 


Case For DC, If v=0, then X¢ = 
Thus, capacitor blocks DC 


Case II For AC of higher frequency, X, is also higher, thus the 
inductor blocks the current, Hence, AC signal appears 
across L. 


87. (i) Refer to text on page 300. 
(ii) Refer to text on pages 299 and 300. 
38. Refer to text on page 301. (Ans. 220/2sin100n¢] 
89. 720W, By = Ey /V2ely /V2cos®, (here, @= 0°) 
40. Refer to Example 1 on page 316, [Ans. 002A] 


i id a varyin, 5 
We have learnt that an electric current prodice ee ott 

ives ri i is ft togel ici 
field gives rise to an electric field. This broug] ot ty 
ism ii ified theory. After this discovery, Maxwe 

and magnetism into a coherent and unif ‘ 

predicted variation of electric and magnetic coped Sa cea other 
ic dis i so conclu " agnet 
leads to clectromagnetic disturbance in space. He alsc Magnetic 
waves could travel with the speed of light. This led him to conclude that the light itseip 


is an electromagnetic wave. 


ELECTROMAGNETIC 
WAVES 


DISPLACEMENT CURRENT 


Ampere’s circuital law states that, the line integral of magnetic field B around WG 

any closed path is equal to iy times the total current threading the closed path, %% CHAPTER CHECKLIST 
4B-dl =hol sli) * Displacement Current 

* Maxwell's Equations 

° Electromagnetic Waves 

Origin of Displacement Current * Electromagnetic Spectrum 


where, / is the net current threading the surface bounded by a closed path C. 


According to Maxwell, the Eq. (i) is logically inconsistent. With the help of 
following observations, it explained the same. He considered a parallel plate 
capacitor having plates A and B connected to a battery Z, through a tapping key 
. After pressing the key K, the conduction current flows through the 
connecting wires and the capacitor starts storing charge. As the charge on the 
capacitor grows, the conduction current in the wire decreases, When the 
capacitor is fully charged, the conduction current stops flowing in the wire. B 

during the charging of capacitor, there is no conduction current between the 
plates of capacitor. Let at an instant during charging, J be the conducti 7 
current in the wires. This current will Produce magnetic field around th wine 
which can be detected by using a compass needle — 


| etic Waves 
| eto 
| 
| 
A B 
| bs G 
E ly = 
; Ea al ot ni 
: 3 
fe 3 
Git 2 
tO 
@ 


wnt diagrams showing the inconsistency of Ampere's circuital law 


er this, the magnetic field was found out at point E, 
hich is ata perpendicular distance r from connecting wire, 
jna region outside the parallel plate capacitor. For this, a 
June circular loop Cy of radius r is considered. Its centre 
jeson wire and its plane is perpendicular to the direction of 
arent carrying wire [see Fig. (a)]. The magnitude of 
magnetic field is same at all points on the loop and is acting 
tangentially along the circumference of the loop. If B is the 
magnitude of magnetic field at £, then by using Ampere’s 
creuital law for loop C,, we get 


{B-d1=4, Balcosd=B x2nr =o! 


patel 
2mr 

Now, a different surface, i.e. a tiffin box surface is 

| considered. This surface is without lid with its circular rim, 

vhich has the same boundary as that of loop C, 

bee Fig, (b)]. 

Onapplying Ampere’s circuital law to loop C, of this tiffin 

Surface, we get 


§B-dl=B-2nr=[y X0=0 


| Fon Eqs. (ii) and (iii), it has been noticed that there is a 
Tagnetic field at E calculated through one way and no 
| ™gnetic field at £, calculated through another way.As this 
‘onttadiction arises from the use of Ampere’s circuital law, 
nce, Ampere’s circuital law is logically inconsistent. 


basic Idea of Displacement Current 
ct Ampere's circuital law for conduction current during 
ting of a capacitor was found inconsistent. Maxwell 
Wj that the above inconsistency of Ampere’s circuital 
Whe because of some missing term. That term must be 
‘Ufa 0 a changing electric field which passes through 
%, “¢ S between the plates of capacitor during charging, 
dey. =vell introduced this_missing term, 
by jement current, in order to make Ampere s citcuttal 
sin ement current 1s that 
tease fk hich comes into play in the region in which the 


eld and the electric flux is changing with time. 


oii) 


3 


+ (iii) 


Cres Aly consistent. Displac 
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abe, 
i.e. Displacement current, |g =€0 


ified 
Ampere's circuital law (5 B-dl= 11) was modified 


GB-di=polle + 4a) 


where, J, = conduction current and [, = displacement 
current. 

It is called modified Ampere’s circuital law 

or Ampere Maxwell’s-circuital law. 

Therefore, modified Ampere’s circuital law may also be 


expressed as 


jran(ion FE) 


The inferences can be drawn from the above discussion as 
given below 

(i) The conduction and displacement currents are 
individually discontinuous, but the currents together 
possess the property of continuity through any 
closed electric circuit. 

(ii) The displacement current is precisely equal to the 
conduction current, when the two present in 
different parts of the circuit. 

(iii) The displacement current arises due to rate of change 
of electric flux (or electric field) between the two 
plates of the capacitor. 


(iv) Just as the conduction current, the displacement 
current is also the source of varying magnetic field. 


EXAMPLE |1j Inan electric circuit, there is a capacitor 
of reactance 100 connected across the source of 220V. 
Find the displacement current. 


Sol. Since, displacement current = conduction current. 


Therefore, 1, =—-= = 22a 
c 


EXAMPLE |2| In which way, you can establish an 
instantaneous displacement current of 1.0A in the space 
between the parallel plates of 1 iF capacitor? 
Sol... Displacement current, 
d 
Ny = 0, Ste - & 26a) 
where, E is electric field and A is the area of 


cross-section, 
netd(e 
dt\d 


[¢ = EA] 
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‘Thus, an instantaneous displacement current of 1 A can 
be set up by changing the potential difference across the 
parallel plates of capacitor at the rate of 10° Vs"! 


MAXWELL’S EQUATIONS 


Maxwell's equations are the basic laws of electricity and 
magnetism. These equations give complete description of 
all electromagnetic interactions. Maxwell on the basis of his 
equations, predicted the existence of electromagnetic waves. 


There are four Maxwell's equations which are explained as 
given below 


Gauss’s Law of Electrostatics 
This law stares that, the toral electric flux through any 


closed surface is always equal to <> times the net charge 
0 
enclosed by that surface. It is given by 


This equation is called Maxwell’s first equation. 


Gauss’s Law in Magnetostatics 


This law states thar, the net magnetic flux through any 
closed surface is always zero. It is given by 


This equation is called Maxwell’s second equation. 


Faraday’s Law of 
Electromagnetic Induction 
This law states that, the induced emf produced in a circuit is 
numerically equal to rate of change of magnetic flux 
through it. It is given by 

dy 


Edin “2 


This equation is called Maxwell's third equation. 


Ampere-Maxwell’s Circuital Law 

This law states that, the line integral of the magnetic field 
along a closed path is equal to Hg times the coral current 
(ie. sum of conduction current and displacement 
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current) threading the surface bounded by that Closed 


path. It is given by _ 


foatenlre 


This equation is called Maxwell’s fourth equation, 


ELECTROMAGNETIC WAYVEs 


These waves are produced due to the change in electric fide 
E and magnetic ficld B sinusoidally and Propagating 
through space such thar, the two fields are perpendicular 
each other and perpendicular to the direction of wee 
propagation. 

Source of Electromagnetic Waves 

An oscillating charge is an example of accelerating charge, 
produces an oscillating electric field in space, which 
produces an oscillating magnetic field, which in tu 
produces an oscillating electric fields and so on. The 
oscillating electric and magnetic fields regenerate each othe: 
as a wave which propagates through space. 

The frequency of EM wave is equal to the frequency of 


oscillation of charge, i.e 
l 


2nvLC 


Electromagnetic waves are also produced when fast moving 
electrons are suddenly stopped by metal target of high 
atomic number. These electromagnetic waves are called 
X-rays. 


Transverse Nature of 
Electromagnetic Waves 
Tecan be shown from Maxwell’s equations that electric and 
magnetic fields in an electromagnetic wave ** 
Perpendicular to each other and to the direction of wit 
Propagation, 
1 gris seen in the discussion of the displacement cue 
ais If we would consider a parallel plate capacitor [re 2” 
Be ins; itor 
figure on Page 330], the E inside the parallel place capa 
ihe directed perpendicular to the plates. Also, the BW ‘a 
si ¢ tise to the displacement current was parallel (0 © 
Bar “i ebee E and B were perpendicular in that ar 
. mavation 's a general feature. 


— Direction of wave propagation 


A 
Plane EM wave travelling along Z-axis 


agnetic Waves 
ero 


ane above figure, we = that permanent curve shows 
ie field E which is along x-direction and dotted curve 
re F hich f 
is magnetic field B which is along y-direction and the 
‘ad ropagates along z-direction, Both E and B vary 
“asotilly and become maximum at same Position and 
Vf 
ime . 
si in electromagnetic wave, E and B are mutually 

dicular to each other, so they are transverse 
jpnature ’ 
The EM wave propagating in the positive z-direction may 
d by the following equations 


berepresentes 
pee, E= Ex = E, sin (kx — wr) 
B=B,= By sin(kz — wt) 
ter, b= 20/2, (A. = wavelength] 


- = 2m, [v= frequency] |" 
E,= amplitude of varying electric field 
nd By =amplitude of varying magnetic field. 


Important Characteristics of 
Electromagnetic Waves 


Inportant characteristics of EM waves are listed below 
(i) The electromagnetic waves are produced by 
accelerated charge. 

(i) These waves do not require any material medium 
for propagation. 

(ii) These waves travel in free space with the speed of 
light @ x 108 ms7'), given by the relation 
c= Loe o- Tt means that light waves are 
electromagnetic in nature. 

(i) Speed of electromagnetic wave in a medium is given 
by, v=1/ Jue, where € and pt are.the permittivity 
and magnetic permeability of a material medium, 
tespectively. This means, the speed of EM wave ina 
medium depends on electric and magnetic properties 
ofa medium. 

The direction of variations of electric and magnetic 

fields are perpendicular to each other and also 

Perpendicular to the direction of wave propagation. 

‘ Thus, electromagnetic waves are (ransverse in nature. 
vi) ty free space, the magnitudes of electric and magnetic 
fields. in electromagnetic waves are related by 

, FolBy =e, 

"Y The energy in electromagnetic waves is divided, on 
Raetaee, equally between electric and magnetic 
elds, 


U,=Un 
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where, U/, = energy of electric field 
and U,, = energy of magnetic field. sae 
(viii) The energy density (energy per unit volume) in 


clectric field E in vacuum is Pas and that in 
2 

magnetic field B is ——. 

2Mo : 

«. Energy associated with an electromagnetic wave 15 

given by 


1 2,185 

May = ZE0% 9 Su 

1 By 

also ty = 3toks ais 
ac‘ 


(ix) Electromagnetic waves, being uncharged, are not 
deflected by electric and magnetic fields. 

(x) The electromagnetic wave like other waves carries 
energy and momentum. Since, it has momentum, an 
electromagnetic wave also exerts pressure called 
radiation pressure. 

If wave is incident on a completely absorbing surface, 
then momentum delivered is given by 


U 


momentum, =p =— 
c 


Note Light carries energy from the sun to the earth, thus 
making life possible on the earth, 

(xi) Electromagnetic waves are polarised and can be easily 
seen in the response of a portable AM radio to'a 
broadcasting station. If an AM radio has a telescopic 
antenna, it responds to the electric part of the signal. 
When the antenna is turned horizontal, the signal 
will be greatly diminished. 


EXAMPLE |3| An electromagnetic wave is travelling in 
vacuum with a speed of 3x 10°m / s. Find its velocity in a 
medium having relative electric 


a and magneti 
permeability 2 and 1, respectively, a 


Sol. Given, velocity of electromagnetic wave in vacuum, 


¢=3x10'm/s 
Relative electric permeability, &=2 
and magnetic permeability, j1, =1 


Since, velocity of electro: 


magnetic i p 
be calculated by Bheve Wave ina medium can 
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© eatty x yi, 
wl) 
v=-Lx 10" mis 
2 


ELECTROMAGNETIC 
SPECTRUM 


The orderly arrangement of EM waves in increasing or 
decteasing order of wavelength A or frequency V is called 
electromagnetic spectrum. The range varies from 107m 
to 10*m, i.e. from y-rays to radio waves. 


Wavelength (m) 


‘Violet 


Blue 


‘Green 


Yellow 


| 
p——— Shon rato waves + Orange 


108] eee era Ft rato 

0 |} —— Ait reo 10 Red 
ie Long radio waves i 700 nm 

1 107 

10" 


Electromagnetic spectrum with common names 
for various parts of it 
The wavelength ranges, frequency ranges and use of various 
regions of electromagnetic spectrum are summarised below 


Radio waves 


These are produced due to oscillating charge particles, The 
frequency varies from: 500 kHz to 1000 MHz, 
Uses of radio waves are given below 
(i) These are used in AM (Amplitude Modulation) from 
530 kHz to 1710 kHz. These are also used in ground 
Wave propagation. 
(ii) These are used in TV waves ranging from 54 MHz to 
890 MHz. 
(ili) These are used in FM (Frequency Modulation) 
ranging from 88 MHz to 108 MHz. : 


(iv) UHF (Ultra High Frequency) waves are used in 
cellular phones, 
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Microwaves 


re called short wavelength radio waves y ich 
iN the 


eroduced by vacuum tubes. Ther frequency fi 
al 


range of 1 GHz to 300.GHz (gigahertz). 
i iven below 
Uses of microwaves are given 
nO These are used in RADAR systems for aires 


navigation. . P 
(ii) These are used in microwave oven for ooking 


purpose. : 
(iii) These are used in study of atomic and molecules 
structures. ; 
(iv) These are used to measure the speed of vehicle, Speed 
of cricket ball, etc. 


Infrared Waves 


These waves were discovered by Herschel. These waves ar 
also called heat waves. These waves are produced from the 
heat radiating bodies and molecules. 


‘They have high penetration power. Its frequency range is 
from 3 x 10'! Hz 10 4x10" Hz. 
Uses of infrared waves are given below 
(i) These are used in physical therapy. 
i) These are used in satellite for army purpose. 
(iii) These are used in weather forecasting. 
(iv) These are used for producing dehydrated fruits. 


(v) These are used in solar water heater, solar cells and 
cooker. 


Visible Rays 


Itis thac parc of spectrum which is visible by human eyeand 


+ its frequency range is from 4 x 10" Hz to 7x 10" He 


Uses of visible rays are given below 


Visible rays are used by the optical organs of humans and 
animals for three Primary purposes given below: 


@ To see things, avoid bumping from them and est? 
danger, 


(ii) To find stuff to eat, 
(iii) To find other livi 


. A < 0 
ng things with which co consom™ 
as to Prolong the 


Species, 


Ultraviolet Rays 
raat wer discovered by Ritter in 1801. These 115% 
an impor, 7 special lamps and very hot bodies. The SY"! 

ANC Source of UV-rays but fortunacely abso 


Y on 
Sina layer at an altitude of about 40-50k™ " 
cy range is from 1914 Hz to 10" Hz 


we tromagnetic Waves 


yses 


() 
(i 
(ii) 
(w) 
0] 


(i) 


f ultraviolet rays arc given below 

‘These are used in burglar alarm, 

‘These are used in checking mineral sample 

These are used to study molecular dtiuctufe 

To kill germs in minerals. ; 

To sterilise surgical instruments, 

‘These rays can oe focussed into very narrow beams { 
high precision applications such as LASIK eye Soil 


x-Rays 


These 


rays were discovered by German professor Roentgen. 


fs frequency range is from 3 x 10" Hz t03 x 102! Hz, 
Uses of X-rays are given below 


@ 
(i) 
(ii) 
(iv) 


These are used in surgery to derect the fracture, 
diseased organs, stones in the body, etc. 


These are used in engineering to detect fault, crack on 
bridges, testing of welds. ‘ 


These are used at metro station to detect metal or 
explosive material. 


These are used in scientific research. 


Gamma (7) Rays 

These rays were discovered by Rutherford. They travel with 
the speed of light and having high penetration power. The 
fiequency rainges from 3 x 10'S Hz 10 5x10” Hz. 


Uses of gamma (7) rays are given below 


(i) 
(i) 


(i) 
(iv) 


These are used to produce nuclear reaction. 
These are used in radio therapy for the treatment of 
tumour and cancer. 
These are used in food industry to kill pathogenic 
microorganism. : 
These are used co provide valuable information about 
the structure of atomic nucleus. 

Different Types of Electromagnetic Waves 


Type Wavelength Production Detection 
range 
Pato >01m _ Rapid acceleration Recaiver's aerials 
and decelerations of 
Mi electrons in aerials 
Clovave O.4mto  Klystron valve or Point ©—_contact 
Ps imm magnetron valve _ diodes 
ne f atoms Thermopiles 
= ro0nn Se ecules bolometer, ated 
ic film 
a photograph fm _ 
700 nm to Electrons In atoms The eye, 
400 nm emit light when they Photocells, 
move from higher Photographic film 
energy level to. a 
ws lower energy level 


Ultraviolet 
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“foo nm to Inner shell electrons Photocellsy 


rays nm in atoms moving Photographic 
from higher energy — film 
level to a lower 
ygylevel 
X-rays Tnmto -ray tubes of inner Photographic 
10° nm _ shell electrons film, Geiger 
tubes, 
lonisation 
chamber 
Gamma <10%nm Radioactive decay Photographic 
rays of the nucleus film, ionisation 


chamber 


Note 


This EM spectrum and its properties have been frequently 


asked in previous years 2014, 2013, 2012, 2011, 2010. 


CHAPTER PRACTICE | 
(SOLVED) 


OBJECTIVE Type Questions 


1, 


nv 


3 


Which statement represents the symmetrical 

counterpart of Faraday’s law anda 

consequence of the displacement current 

being a source of a magnetic field? 

(a) An electric field changing with time gives rise to 
a magnetic field 

() A magnetic field changing with time gives rise to 
an electric field 

(c) An emf changing with time gives rise to an 
electric field 

(d) An displacement current, changing with time 
gives rise to an electric field 


Alinearly polarised electromagnetic wave 
given as E= E,i cos (kz —at)is incident 
normally on a perfectly reflecting infinite wall 
at z=a. Assuming that the material of the wall 


is optically inactive, the reflected wave will be 
given as 


(aE, = E,i(kz - wt) 

(D)E, = E,icos(kz + ot) 

()E, =- E,icos(kz + ot) 

(AE, =E,isin(kz - wt) 

Radiations of intensity 0.5 Wm~ are striking a 


metal plate. The pressure on the plate is 
(a) 0.166 x10-° Nm? 


(b) 0332 x10" Nm 
(c) 0111x1078 Nm? 
(d)0083x10-° Nm 
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4. 


Total energy density of electromagnetic 
waves in vacuum is given by the relation 


1 FE? Bp 
(a) -- = 42 teeta tne? 
cota EEE 
E? +p? 2 
i) — 25 (@) Leet + 
= 2 2g 


The speed of electromagnetic wave in 

vacuum depends upon the source of radiation 

(a) increases as we move from y-rays to radio waves 

() decreases as we move from y-rays to radio 
waves 

(c) is same for all of them 

(d) None of the above 


One requires 11 eV of energy to dissociate-a 
carbon monoxide molecule into carbon and 
oxygen atoms. The minimum frequency of the 
appropriate electromagnetic radiation to 
achieve the dissociation lies in 

NCERT Exemplar. 
(a) visible region (b) infrared region 
(c) ultraviolet region —_ (d) microwave region 


VERY SHORT ANSWER Type Questions 


 & 


10. 


ii. 


12. 


Acapacitor has been charged by a DC source. 
What are the magnitude of conduction and 
displacement current when it is fully 


charged? 
Delhi 2013 


The charge on a parallel plate capacitor varies 
as g =q,cos2nvt. The plates are very large and 
close together (area = A and separation = d). 
Neglecting the edge effects, find the 


displacement current through the capacitor. 
NCERT Exemplar 


Avariable frequency AC source is 

connected to a capacitor. How will the 
displacement current change with decrease in 
frequency? NCERT Exemplar 


The charging current for a capacitor is 0.25 A, 
What is the displacement current across its 
plates? Forelgn 2016 


What are the directions of electric and 
magnetic field vectors relative to cach other 
and relative to the direction of propagation of 
electromagnetic waves? All India 2012 


Acharged particle oscillates about its mean 
position with frequency 10° Hz. What is the 
frequency of electromagnetic wave produced 
by the oscillators? NCERT 


15. 


16. 


17. 


21. 


22. 


23. 


24, 
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In which directions do the electric and Magnetic 
field vectors oscillate in an electromagnetic Wave 
propagating along the X-axis? Alltndia zn, 


How is the speed of electromagnetic waves jp 
vacuum determined by the electric and Magnet, 


fields? Dethiani, 
Do electromagnetic waves carry energy and 
momentum? All India zy), 


An electromagnetic wave exerts pressure on the 
surface on which it is incident. Justify. 


Dethianiy 


To which part of the electromagnetic spectrum, 
does a wave of frequency 5 x 10'°Hz belong? | 
Alllndiazoy, | 


Name the type of electromagnetic wave used in 
food industry to will pathogenic microorganism, 
Also write its frequency range. 

What physical quantity is the same for X-rays of 
wavelength 10~° m, red light of wavelength 6800 
Aand radio waves of wavelength 500 m?_NCERT 


Why are microwaves considered suitable for 


radar systems used in aircraft navigation? 
Delhi 2015 


Name the electromagnetic waves which 

(i) maintain the earth's warmth and 

(ii) are used in aircraft navigation. Foreign 2012 
Name the electromagnetic waves used in LASIK 
eye surgery and why? 


Name the electromagnetic radiations used for (a) 
water purification, and (b) eye surgery. CBSE2018 


Why does microwave oven heats up a food 
item containing water molecules most efficiently? 
NCERT Exempla 


SHORT ANSWER Type Questions 


25, 


26. 


When an ideal capacitor is charged by a DC 
battery, no current flows, However, when an AC 
Source is used, the current flows continuously. 
How does one explain this, based on the concePt 
of displacement current? ethi20!? 


ive made of two parallel plates each of 
i eemalae Separation d, is being charged 
dteplacemene source. Show that the 
Stance nt current inside the capacitor is the 
e Current charging the capacitor. 


‘all ndia 2019 


gieott@ 


1. 


30. 


magnetic Waves 


AW electromagnetic wav. 

@ medium with a velocity ; ei mn 
sketch showing the Propagation of the 
electromagnetic wave indicating the 
direction of the oscillating electric and 
magnetic fields. 

(ii) How are the magnitudes of the electric and 
magnetic fields related to velocity of the 
electromagnetic wave? 

Delhi 2013, All India 2008C 

Even though an electric field F exerts a force qE 

ona charged particle yet electric field of an 

electromagnetic wave does not contribute to 
the radiation pressure (but transfers energy). 

Explain. NCERT Exemplar 


), Show that the radiation pressure exerted by an 


EM wave of intensity Jon a surface kept in 


vacuum is -. 
c NCERT Exemplar 


Poynting vectors is defined as a vector whose 
magnitude is equal to the wave intensity and 


. whose direction is along the direction of wave 


1. 


2 


% 


propagation. Mathematically, it is given by 

S= Ae xB). Show the nature of S versus ¢ graph. 
Ho NCERT Exemplar 

Identify the electromagnetic waves whose 

wavelengths vary as 

() 10 m<4<10%m 

Write one use for each. 


(i) 10° m<4<10m 
All India 2017 


(a) Why are infrared waves often called heat 
waves? Explain. 

(b) What do.you understand by the statement, 
“electromagnetic waves transport 
momentum”? CBSE 2018 

ta point in 


Show that the magnetic field Ba 
Jate capacitor 


between the plates of a parallel p! 
Hote! dE (symbols having 
dt 


during charging is 


2 


Usual meaning). NCERT Exemplar 


A capacitor of capacitance Cis being charged 
Y Connecting it across a DC source along with 
1. ammeter, Will the ammeter show a 
Momentary deflection during the process of 
charging? If so, how would you explain this 
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tion and the resulting 

he circuit? Write the 

t inside the capacitor. 
All india 2012 


momentary deflec 
continuity of current int 
expression for the curren! 


LONG ANSWER Type I Questions 

35, Write the expression for the generalised form of 
Ampere's circuital law. 
Discuss its significance 

how the concept of disp! 

explained through chargin: 

capacitor in an electric circuit. 


and describe briefly 
Jacement current is 
g/discharging ofa 
Delhi 2015 
density 
1 

‘ H is ef S= E5- 
S over a single period T is given by Taio” 
NCERT Exemplar 


Show that average value of radiant flux 


36. 


tic waves produced by 


37. How are electromagne 
oscillating charges? 
Draw a sketch of linearly polarised 
electromagnetic waves propagating in the 
z-direction. Indicate the directions of the 


oscillating electric and magnetic fields. 
Delhi 2016 


(i) Describe briefly how electromagnetic waves 
are produced by oscillating charges? 

(ii) Give one use of each of the following 
(a) Microwaves All India 2011C 
(b) X-rays 
(c) Infrared rays 
(d) Gamma rays 


38. 


39. Name the electromagnetic waves, in the 
wavelength range 10 nm to 10 S nm. How are 
these waves generated? Write their two uses. 


All India 2017 C 
40. 


Answer the following questions. 

(i) Name the electromagnetic waves which are 
used for the treatment of certain forms of 
cancer, Write their frequency range. 

(ii) Thin ozone layer on top of stratosphere is 
crucial for human survival. Why? 

(iii) Why is the amount of the momentum 
transferred by the electromagnetic waves 
incident on the surface so small? Delhi 2014 


Answer the following questions. 


(i) Name the electron i 
ctromagnetic waves which 
produced during radioactive decay of a pc 
nucleus.Write their frequency range. 


(ii) Welders wear special glass goggles wl 
> & 8ogg) hile 
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(iii) Why are infrared waves often called as heat 
waves? Give their one application, Delhi 2014 


42. Name the parts of the electromagnetic 
spectrum which is 
(i) suitable for RADAR systems in aircraft 
navigations, 
(ii) used to treat muscular strain. 
(iii) used as a diagnostic tool in medicine. 


Write in brief, how these waves can be 
produced? All India 2015 


43. Name the following constituent radiations of 
electromagnetic spectrum which 
(i) produce intense heating effect. 
(ii) is absorbed by the ozone layer in the 


atmosphere. 
(iii) is used for studying crystal structure. Write 
‘one more application for each of these 


radiations. 


44. Identify the part of the electromagnetic 
spectrum which is 
(i) suitable for radar system used in aircraft 
navigation. 
(ii) produced by bombarding a metal target by 
high speed electrons. All India 2016 


45. (i) Which segment of electromagnetic waves 
has highest frequency? How are these waves 
produced? Give one use of these waves. 

(i) Which EM waves lie near the high frequency 
end of visible part of EM spectrum? Give its 
one use. In what way, this component of 


light has harmful effects on humans? 
Foreign 2016 


NUMERICAL PROBLEMS 

46. The current in a circuit containing a capacitor is 
0.15 A. What is the displacement current and 
where does it exist? 


47. You are given a2uF parallel plate capacitor, 
How would you establish an instantaneous 
displacement current of lmA in the space 
between its plates? NCERT Exemplar 


Calculate the displacement current between the 
square plates of side 1 cm of a capacitor, if 
electric field between the plates is changing at 
the rate of 3x 10° Vm" s7. 


48. 


Figure shows a capacitor made of two circular 
plates each of radius 12 cm and separated by 
5.0 cm. The capacitor is. being charged by an 


49. 
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not shown in the figy 
external source ( igure), 
charging current is constant and equal tg Te 
ulate the capacitance and the fe 


() aes of potential difference betwen of 

plates. the 

(ii) Obtain the displacement current Across the 

plates. : 7 . 

ii) Is Kirchhoff's first rule Gunction rule) ya, 
at each plate of the capacitor? Explain, 


Neexy 


50. A parallel plate capacitor (shown in the figure) 
made of circular plates each of radius R =69 
cm has a capacitance C = 100 pF. The capacitor 
is connected to a 230 V AC supply with angular 


frequency of 300 rad/s. 


0.0) 


Y 


(i) What is the rnis value of the conduction 
current? 
(ii) Is the conduction current equal to the 
displacement current? 
(iii) Determine the amplitude of B at a point 
3.0 cm from the axis between the plates. 
N 


. SL. (i) A plane electromagnetic wave travels in 


vacuum along z-direction. What can you s4¥ 
about the directions of electric and magnet 
field vectors? 

(ii) If the frequency of the wave is 30 MHz. 


What is its wavelength? 
NCERT; Delhi 201? 


= are Aad tune into any station in the 7.5 MH 
z band, What is i dn 
wavelength? hat is its correspon cent 
si nae Magnetic field of a beam emerging fro™ 
: itter facing a floodlight is given by 
ks =12x10*sin (1.20 x10? 23,60 x105T- 
hat is the average intensity of the beam? 
NCERT Exe™? 


59, 


si magnetic Waves 


'% of the powe: 
4, nowt € power of a100 W| 
5 connected to visible Yadiation, Whats . 
average intensity of visible radiation at “ 
(i) distance of 1m from the bulb 
{ii distance of 10 m? Assume that 
js emitted isotropically 
reflection. 


the radiation 
and neglect 
NCERT 
55. The amplitude of the magnetic field part of a 
harmonic electromagnetic wave in vacuum is 
=510 nT. What is the amplitude of the 


electric field part of the wave? NCERT 


56. Ina plane, electric field oscillates sinusoidally 
ata frequency of 2x10'° Hz and amplitude 
48 V/m. 
(i) What is the wavelength of the wave? 
(ii) What is the amplitude of tlie oscillating 
magnetic field? 


(iii) Show that the average energy density of 
the E field equals the average energy 


density of the B field. NCERT 


ST. Suppose that the electric field amplitude of an 
electromagnetic wave is Ey = 120 N/C and that 
its frequency is v = 50.0 MHz. (i) Determine 
By,@, k and 2. (ii) Find expressions for E and B. 

NCERT 


8. Suppose that the electric field part of an 
electromagnetic wave in vacuumis 
E =[B.1 cos (1.8 y+ (5.4x10°r)}] i 
_ (i) What is the direction of propagation? 
(ii) What is the wavelength 4? 
(ii) What is the frequency v? 
(iv) What is the amplitude of the magnetic field 
part of the wave? 
(v) Write an expression for the magnetic field 
part of the wave. NCERT 


* Use the formula, 2, 7= 0.29 cm-K to obtain the 
characteristic temperature ranges for different 
Parts of the electromagnetic spectrum. What do 
the numbers that you obtain, tell you? NCERT 


* Given below are some famous numbers 
associated with electromagnetic radiations in 
different contexts in Physics. State the part of 
the electromagnetic spectrum to which each 

longs, 
(i) 21cm (wavelength emitted by atomic 
hydrogen in interstellar space). 
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41) 1057 MHz (frequency of radiation arising 

" ee eer wiciey levels in hydrogen, 
known as Lamb shift ). ; 

(iii) 2.7 K (temperature associated with the 
isotropic radiation filling all space thought 
to be a relic of the big-bang origin of the 
universe). 

(iv) 5890 A-5896 A (double lines of sodium). — 

(v) 14.4 keV (energy of a particular transition in 
57 Fe nucleus associated with a famous high 
resolution spectroscopic method 


(Méssbauer spectroscopy). NCERT 


61. The terminology of different parts of the 
electromagnetic spectrum is given in the text. 


Use the formula E = hv (for energy ofa quantum 
of radiation: photon) and obtain the photon 
energy in units of eV for different parts of the 
electromagnetic spectrum. In what way are the 
different scales of photon energies that you 
obtain related to the sources of electromagnetic 
radiation? NCERT 


| HINTS AND SOLUTIONS | 


1. (a) The fact that an electric field changing with time 
gives rise to a magnetic field, is the symmetrical 
counterpart and is a consequence of the displacement 
current being a source of a magnetic field. 


2.- (b) When a wave is reflected from denser medium, then 


the type of wave doesn’t change but only its phase 
changes by 180° or m radian. 


Thus, for the reflected wave 2= - 2,1 =-Tand 
additional phase of % in the incident wave. 
Given, here the incident electromagnetic wave is, 
E = E,icos(kz — wt) 
‘The reflected electromagnetic wave is given by 
E, = E,(-i) cos{k( 
= - Eyicos[-(kz + or) + 1] 


)- ot + 1) 


(ky +t) = E,icos(kz + @t)] 


3. (a) Intensity or power per unit area of the radiations 


I 0.5 
I= pe = p=- =——~=0,166x 10% Nm? 
Pee 3K 108 nee 
4. (d) The energy in EM waves is divided equally between 
the electric and magnetic fields. 


The total energy per unit volume isu =u, +u,, 
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5. (€) Spe ic Waves in 0 ait 

(c) Speed of electromagnetic waves in vacuum ae 
6. (c) Given, energy required to dissociate a carbon 

monoxide molecule into carbon and oxygen atoms 

E=1ev 

We know that, E = hy, where h = 662 x 10™“J-s 

v = frequency 

= 1eV=hv 

a 1x16x10™ 5 ee 
A 


T6210" ag5 10 He 
662 X10~ 


This frequency radiation belongs to ultraviolet region. 
7. Electric flux through plates of capacitor, ; ae 


=> 


where, charge, g= constant (as the capacitor is fully 
charged) i 
2) 
Displacement current, , = ¢, 22 =e, 
° dt dt 


Conduction current, [, = cf =0 (as voltage becomes 
it 


constant when the capacitor becomes fullly charged). 
8. The displacement current through the capacitor is 


given by 
yat=tt 0) 
dt 
Given, 9 =) cos 2nvt 


Differentiating w.r.t. 1 on both sides, we get 
a = qo(—sin 2nvt)(2nv) 


Putting due peluoot 4 in Ee, Gwe get 
2 dt 


Ty =I, =—(qqsin 2nvt) x 2nv=— 2nvq,sin 2nvt 
1 
9. Capacitive reactance,X¢ = —~ = —— 
, ©" @C Inve 
Bs Xgved 
v 


As frequency decreases, X;. increases. As the conduction 
current is inversely proportional to Xp |+ Ie z ; 

c 
So, displacement current also decreases because the 
conduction current is equal to the displacement current, 

10. The displacement current is equal to 0.25 A, as the 
charging current is 0.25 A. 

UL. Direction of electric field E, direction of magnetic field 
B and direction of propagation of wave are mutually 
perpendicular to one another. 

12. The frequency of electromagnetic wave produced by the 
oscillators is same as that of oscillating charged particle 
about its equilibrium position, ie.10° Hz. 
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direction of 
ec erpendicular to directio’ Ptépapay 
13. Een “Frection of propagation is parallel ty mn 
Hence, E is along j or + Y-axis and B is along ko, 
4 Z-axis. . 
14. To determine spe“ 
Eo Fu 
formula, €= "= pu 
dB, are maximum electric field 
field component respectively, of 


dof light in vacuum, we use the 


where, Eo an 
and magnetic 
electromagnetic waves. 
15. Yes, electromagnetic waves carry energy and 
momentum. : 
at PS density = — 2 
Momentum, p =~ and energy = 5% E 
16. Electromagnetic wave carries energy and momentum, 
" since, it has momentum due to this reason it exert 


called radiation pressure. 
5x10" Hz belongs to y-rays of 


pressure, 

17. A wave of frequency 
electromagnetic spectrum. 

18. Gammia(y) rays are used in food industry to will 
pathogenic microorganism. Its frequency ranges from 
3x10" Hz to5 x 10 Hz. 


19. Speed remains same but wavelength changes. 

20. Microwaves are generally used in RADAR system and 
aircraft due to the fact that, they have longer 
wavelengths and low frequencies, so they can be 
focused along a straight line without much deviation. 
Also, they do not bend around the corners of the 
abstacles. 

21. (i) Infrared rays (ii) Microwaves 

22. In LASIK eye surgery, ultraviolet rays are used because 
of their short wavelength they can be focused into very 
narrow beam. 

23, (a) Ultraviolet radiation 
(b)Infrared radiation 

24. Microwave oven heats up the food items containing 
water molecules most efficiently because the frequency 
of microwaves matches the resonant frequency of walet 
molecules, 


25, fan ideal capacitor is charged by DC battery, cures! 
[ows momentarily till capacitor gets fully charged ale 
that no current flow. However, when an AC source is 


connected, then conduction cu: 49 starts 
rrent, I, = — 
dt 


nents in the connecting wire. As charging polarity of 
charged seat (anges. the capacitor is alternatively 
in clectrie Henge treed with time. This causes chard? 
causes lu ield between plates of the capacitor which 
displacement” Ut to change and gives rise to 

‘ment current in the region between plates of 


cay ‘ 
Pacitor, as displacement current, I, = E, 49. ond 
I ° dt 


at all instants, 


‘ tromagnetic Waves 


Let the alternating emf. charging the 


6 ve¥ sinat Plates of capacitor 


Charge n the capacitor, wi) 
q=CV=CY, sin ot 
dq g__MtomEq@)] 
and instantaneous current, fe Pree 3 (CVosinat) 


= @CV, cos wt=I, coswt 
1,= CV, 
doe 


Displacement current, I, =e, aa 
It 


Ate) e at{4 =,at(CMasino t 
dt dt\eA dtl eA 


where, 


= by: 0: 


= ficy, sino t) 


= CV, cos@ t 

=I, cos@t 
Thus, the displacement current inside the capacitor is the 
same as the current charging the capacitor. 

71. (i) Given that velocity v=vi, ic. the wave is 
propagating along X-axis , so electric field E is along 
Y-axis and magnetic field B is along Z-axis. The 
propagation of electromagnetic wave is shown in the 
figure. 


B E BE 
Direction of — 
propagation 


(i) Speed of electromagnetic wave can be given as 
E,_E 
cates 
B, B 


where, E, and By are peak values of E and B or 
instantaneous values of E and B. 
28. Electric field of an electromagnetic wave is an 
oscillating field which causes force on the charged 
Particle, This electric force averaged over an integral 
number of cycles is zero, because its direction changes 
with every half cycle. So, electric field is not responsible 


for radiation pressure. 


2. Pressure = Foret . F 
Area A 
Force is the rate of change of momenturm, 
ie pode 
dt 


U 
Energy in time dt,U = p-¢ =P => 


! U 
= intensity = 7 


30, 


31. 


32. 


33. 
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Consider an electromagnetic waves with Ebe vee 
along Y-axis, B be along Z-axis and propagation of wa 
be along X-axis. Then, Ex B will indicate the direction 
of propagation of energy flow in electromagnetic wave 
which will be along X-axis. 
Let E=E,sin(ot - kx)j 
B = B,sin(wt — kx) k 
s= exe) = £,8,sin%(ot - OL * 4) 
Ho Ho 
= EB cin2(cot - kx)i 
Ho 
‘The variation of |S| with time t will be as given in the 
figure below 


[-jxk=i] 


(10°? m-10-*m = 001A-100A — X-ray. 
It is used in crystallography. 

(ii) 107 m- 10" m = 0.1 cm-10 cm — Radio waves. 
It is used in radio communication. 

(a) Infrared waves have frequencies lower than those of 
visible light, vibrate not only the electrons, but also 
the entire atoms or molecules in the structure of the 
surface. 

This vibration increases the internal energy and 
hence the temperature of the structure, which is why 
infrared waves are often called heat waves. 

(b) Electromagnetic wave transports linear momentum as 
it travels through space. If an electromagnetic wave 
transfer a total energy U to a surface in time t, then 
total linear momentum delivered to the surface is 
given as 

p=— 
c 
where, c is the speed of electromagnetic wave. 

In the given figure, 1, is the displacement current in the 

region between two plates of parallel plate capacitor. 


The magnetic field induction at a point in a region 
between two plates of capacitor at a perpendicular 
distance r from the axis of plates is given by 


pa le2la _ Ho 


4mr 9 anr 
=o abe Endo, 
ato xg, We wep = Sod GE 
amr * dt i eer 
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= Hote dea 2 

a Sht—(Enr' 

anr dt ) 

G 

Mofo 24 _ Wotor dE 

Qnr dt 2 dt 

34. Yes, the ammeter will show the momentary deflection. 
This momentary deflection occurs due to the fact that 
the conducting current flows through connecting wires 
during the charging of capacitor. This leads to 
deposition of charge at two plates and hence, varying 
electric field of increasing nature is produced between 
the plates which in turn produces displacement current 
in space between two plates, which maintains the 
continuity with the conduction current. 


Ns 
ie. Current inside the capacitor = Displacement current. 
Me 
where, Iy = €) SE 
a dt 


35. Refer to text on page 329. 
36. Radiant flux density, 


Suppose electromagnetic waves are propagating along 
X-axis, the electric field vector of electromagnetic waves 
be along Y-axis and magnetic field vector be along 
Z-axis, Therefore, 

E=E, cos (kx - ot) 
and B = B, cos (kx — wt) 


s=1 (Ex B)=c7e,(Ex B) (: 
He 


-. 24ex B) =(£, x B,) cos? (kx — ar) 
Ho Ho 


S=c7e,(E x B)=c*e,|(Ey x By)|cos*(kx — at) 
Average value of the magnitude of radiant flux density 
over complete cycle, 

1 gr 
Sy, = €7€y|Ey x Bol fe i cos*(kx — wt) dt 


= c*€,E)B, x + xt [r Jf cos%(kx - wt) dt = | 


2 
E,) _¢ E 

£oEo — | == e0Ee peat 

to 24) = £08 ments 
=fx [-- 1 or eg =- 
2° cit, Moe chy 


Ee 
2p oc 
37. Refer to text on page 330. 


38. (i) Refer to text on page 330, 
(ii) Refer to text on pages 332 and 333. 


39. Refer to text on pages 332 and 333. 


AO. (i) y-rays, Its frequency range is from 
3x10" Hz to 3x10 Hz. 


[v Og = Exe’) 
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j;) The thin ozone layer on top of stratosphey 
” most of the harmful ultraviolet rays comings, 
sun towards the earth They include UVa, fra ‘ 
UVC radiations which can destroy the life ae tg 

nm 


the earth, Hence, this layer is crucial foy 4, 


survival. 
(ii) Momentum transferred = Energy/Speed of light 


ia, 


Thus, the amount of the momentum transferee 

the electromagnetic waves incident on the Surface ) 

very small. & 
AL. (i) yrays, Its frequency range is from 

3x10! Hz to 3x10" Hz. 

(i) Welders wear special glass goggles to protect the eye, 
from ultraviolet rays. 

(iii) Infrared waves are produced by hot bodies, sa th 
are called heat waves. They are used in physics 
therapy,weather forecasting, ete. . 

42, (i) Microwaves are suitable for RADAR systems that ae 
used in aircraft navigation. These rays are produced 
by special vacuum tubes, namely klystrons, 
magnetrons and gunn diodes. 

(ii) Infrared rays are used to treat muscular strain, These 
rays are produced by hot bodies and molecules, 

(iii) X-rays are used as a diagnostic tool in medicine 
These rays are produced when high energy electrons 
are stopped suddenly on a metal of high atomic 
number. 

43. Refer to text on pages 332 and 333. 

44. Refer to text on pages 332 and 333. 

45. (i) Gamma rays has the highest-frequency in the 
electromagnetic waves. These rays are of the nuclear 
origin and are produced in the disintegration of 
radioactive atomic nuclei and in the decay of certala 
subatomic particles. They are used in the treatment of 
cancer and tumours, 

(ii) Ultraviolet rays lie near the high frequency end of 
visible part of EM spectrum. These rays are used 0 
preserve food stuff. The harmful effect from exposte 
to ultraviolet (UV) radiation can be life threatenité 
and include premature aging of the skin, suppress" 
of the immune systems, damage to the eyes and $ 
cancer. 


46. We know that, conduction current J, is equal to the 
displacement current 1). 
ie 1, =I, =015 A 
It exists across the capacitor plates. 

AT. Refer to Example 2 on pages 329 and 330. 


So, by applying a varying potential difference of 500V/S 


we w : as 
ane produce a displacement current of desired 


{giver 


48. 


We know that, 4 = e,a 2 
at 
where, & = 885 x 107! C? Nl? 


sairomagnetic Waves 


rea, A= Lem? =10"4 m? 
aan Vm"! 571 
It 


i 2 
1g 885 X10" X10 x3x10%= 27 1974 


yen, radius of plates, r = = 2 
4g. Giv PF. ’ 12cm =12 x 107? yy 
separation of two circular plates, d= 5 cm 
=5x10? m 
Current, / = 0.15 A 
GA 


(i) Capacitance of parallel plate capacitor, C 
d 


where, A is the area of plates. 
c= B854x 10" x 3.14 (12% 1074)? 
5x 10°? 
= 800.68% 10°" F 
= 8.01x10 VF =8.01 pF 
Charge on the plates of the capacitor, g = CV 
y 
49 oo 
dt dt 


dvi 015 

= eaten ee 
dt C 301x10” 

= 18.7% 10° V/s 


Thus, the rate of change of potential is187 x10" V/s. 


(li) The displacement current is equal to the conduction 
current, ie. I, =015 A. 


(ii) Yes, Kirchhoff's first rule is valid because we take the 
current to be the sum of conduction current and the 


displacement current. 
50. Given, radius of plates, R= 6 cm = 6x10" m 
Capacitance of capacitor, 
C =100 pF =100 x10" F =10°°F 
Voltage of capacitor, V = 230V 
Frequency of capacitor, « = 300 rad/s 


Vins 


() The rms value of current, [ims 
c 


: F 0 
oe « -—=——" ea 
Xe= Ge 300x107 300 
‘ _ 230% 300 _ 4 ¢ 23 x 100010" 
, "10" 
= 69x 1077 
= 69x 10° °A 
=6.9 HA 
Wi) Yes, the conduction current is equal to displacement 


._., current. 
(ii) Given, the distance of point fro! 
Plate p=3cm=3x10 ™ 
2 
Radius of plates, R=6em =6%10 0 ™ 


m the axis between the 
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The magnetic field at a point between the plates, 


Berl, 
one! 
Be B= fey [ela = 
anR’ 


1=V2D ms 


_amx-107 x 0.03 V2 x 6.9% 10° 
7 2m X 0.06% 0.06 
= 1.63x 10" T 


51. Eand B vectors must be in x and y-directions. 
3x10° 


As we know, A = 


<|9 


52. For 7.5 MHz band, 


3x 10° 
Wavelength, 4, === ;=40m 
v f. 


For 12 MHz band, 


Wavelength, Ay == 
¥ 


So, wavelength range is from 25 m to 40 m. 
53. Magnetic field, B = B, sinwt 


Given equation, 
B=12x10"sin (1.20 x10" z — 3.60% 10t)T 


On comparing this equation with standard equation, 


we get 
By =12x10° T 


The average intensity of the beam, 


a1, (12x10") x3x10° 
2 4m x107 
= 1, =171W/m'? 


BAG» tmensiny, r= POWEE OE wsbe light 
10>(500)"" 
x 
1006500) 0g syn 
4n(1)' 
100 x (5) 
(ii) f=] 002 2 4 1079 Wem? 


an(10)* 


55. Given, amplitude of the magnetic field part of harmonié 


electromagnetic wave, 
B, = 510 nT = 510x 10° T 


Speed of light in vacuum, ¢ = Fy 
0 
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56. 


57. 


where, Ey is the amplitude of electric field part of the 
wave. 


=> 3x19 = —Fo 
510 x 10°” 
= E, =153N/C 


Thus, the amplitude of the electric field part of wave is 
153 N/C. 


Given, frequency of oscillation, v= 2 10" Hz 
Speed of wave, ¢ = 3 x 10° m/s 


Electric field amplitude, Ey'=48V/m 
(i) Wavelength of wave, 


* 
x 
jetssee. 
vo 2x10! 
=15x107%m 


(ii) The amplitude of the oscillating magnetic field, 
6x 107 T 


(iii) The average energy density of electric field, 


La pe 
=- 8 £, a 
4, = 7 eS (i) 
As, Ey = cB 
Putting the value of Ey in Eq, (i), we get 
u, = Leyc*B? wii) 
4 
1 
Speed of electromagnetic waves, ¢ = Fas 
vi oko a) 
Putting the value of c in Eq. (ii), we get 
2 
u, =4e,8}- =) ay, 
4° Hoes 4 Ho 


(uy is average energy density of magnetic field) 
Thus, the average energy density of the E field equals 
the average energy density of B field. 

Given, amplitude of an electromagnetic wave, 

E, =120N/C 

Frequency of wave, v = 50 MHz =50 x 10° Hz 


= 40010"? T =400 nT 


Angular frequency of electromagnetic wave, 
@ = 2mVv = 2x 3.14% 50x 10° 


@=3.14% 10° rad/s 


Wave number of electromagnetic wave, 
14x 10° 


c 3x 10" 
Wavelength of electromagnetic wave, 


k= = 1.05 rad/m 
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) Expression of electric field, E = Ey sin (kx — gy 
E =120sin (1.05x —3.14 108s) 
Expression of magnetic field B, 
B= B, sin (kx - wt) 
B=4x 10-7 sin (1,05x—3.14x 10°r) 


Gi 


58. (i) The given equation signifies that the electromagy 
wave is moving along Y-axis and also in nepyee® 
direction, so it moves in —j-direction. id 

(ii) The electric part of electromagnetic wave in vacuum, 
E=[3.1cos {1.8 y+ (5.4% 10°t)}]i ° 
Comparing with standard equation, 
E=E, cos (ky + ft), we get 
Angular frequency, = 5.4% 10° rad/s 
Wave number, k =1.8 rad/m 
‘The amplitude of the electric field part of the wave, 


E, =3.1N/C 
= 2h 2h _ 549m 
ko 18 
=> A=3.5m 
(iii) Angular frequency, @ = 2nv 
6 
o 54x10 X7_ o.g6x 10° He 


2x 22 


Amplitude of magnetic field, 


E 3.1 

By = at = 
ce 3x10 

= 103x 10° T 


(v) Expression for the magnetic field part of wave, 
B= B, cos (ky +at)k 
B=1.03x 10° cos (1.8 y+ 5.4% 10° )E 


59. Given, 4,,T = 0.29 cm-K 


=> 


Let us take, 4, =5 x 10-* cm for visible region 


Required absolute temperature, 
029 
5x10 
fhe 
Hence, we can find the temperature for other Pats 2 
eae omagnetic spectrum in the same way. 5° eee 
ers tell us about the temperature ranges iene 


atomic vibratj 
gem vibrations can produce these parts of 
‘clromagnetic waves, 


5800 K = 6000 K 


jel! 


Electromagnetic Waves 


i) This wavel 
60. (i) aie velength (21 cm) Corresponds to the radio 


(i) This frequency (1057 MHz) also 
radio waves (short wavelength). PO" '@ he 
(ii) As, T= 2.7K 


Using the formula, 2,,T = b= 0.29 cm-K 
og =o eam = 0.1 
n= om = 0.11 cm 


This wavelength corresponds to the microwaves 
region of the electromagnetic spectrum. 


(iv) This wavelength lies in the visible region of the 
electromagnetic spectrum. 


(v) Energy, E =14.4 keV = 14.410? x1.6x10"" J 
Frequency of wave, 
E _14.4x 1.6 10 


h 66x 10 
=3.5x 10" Hz 


This frequency lies in the X-ray region of the 
electromagnetic spectrum. 


61. Given, energy of photon, E = hv 
For y-rays 
Frequency of y-rays, v= 3x 10" Hz 
Energy of y-rays, E = hv = 6,6x 10" x 3x 10” 
= 19.8x 10 J 
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9.8 x 10" 
palesie ie 


=> 1.24x 10° eV 
1.6 x10” 

The source of y-rays is nuclear origin. 

For X-rays 


Frequency of X-rays, v=3 10" Hz 
Energy of X-rays, E = hv = 6.6x 10 x 3x 10 

= 19.8x 10 J 

x10" 
= pe 18 ay 
1.6 x10 

= 1.24 x 10' eV 
The retardation of high energy electron produces X-rays. 
Similarly, we can find for ultraviolet rays, visible rays, 
infrared rays, microwaves and radio waves. 
They originate by oscillating current. 


Types of radiation Photon energy 


ays 1.24 x 10° eV 
X-rays 1.24 x10" eV 

~ Ultraviolet rays 4.12 eV 
Visible rays 2475 eV 


Microwaves 4125 10 eV 
Radio waves 1,.24x 10% ev 


SUMMARY 


Displacement Current When a capacitor is charged, then 
electric field ts produced due to flow of current inside it. This 
‘current is called displacement current. It is given by 


Basic Idea of Displacement Current Ampere’s circuital law 
conduction current during a charging of capacitor was 
found to be inconsistent. Therefore, Maxwell modified 
Ampere’s circuital by introducing displacement current. 
Maxwell's Equations Maxwell's equations are the basic laws 
of electricity and magnetism. 

Gauss's Law in Electrostatics The total electric jlux through 


any closed surface is aways equal to —_ times the net charge 
fo 


enclosed by the surface, ie. f Eg S = 4. 

Is & 
Gauss's Law in Magnetostatics The net magnetic flux 
through any closed surface is always zero. 
Faraday's Law of EMI The induced emf produced in a circuit 
is numerically equal to the rate of change of magnetic flux 
through it 


be 

at 
Ampere’s-Maxwell Circuital Law The line integral of the 
magnetic field along a closed path is equal to}, times the tota! 
current threading the surface bounded by that closed path, ie 


PB-dl=n(t +14) 


ie. fEdI= 


Electromagnetic Waves These waves produced due to 
change in electric field and magnetic field sinusoidally and 
propagates through space such that the two fields are 
perpendicular to each other and also to the direction of wave 
propagation. 

Source of EM Waves Accelerating charges produces EM 
waves. 

Transverse Nature of EM Waves Since, the electric and 
magnetic fields in an electromagnetic wave are perpendicular 
to each other and also to the direction of wave propagation 
Hence, electromagnetic waves are transverse in nature. 


Electromagnetic Spectrum The orderly arrangement of EM 
wave in increasing or decreasing order of wavelength of 
frequency is called electromagnetic spectrum. The range 
varies from 10"? m to 10* m, i.e. from y-rays to radiowaves 


| 
| 
| 
| 


CHAPTER 


PRACTICE 
(UNSOLVED) 


| OBJECTIVE Type Questions 


{, Out of the following options which one can be 
used to produce a propagating 
electromagnetic wave? 

(a) Astationary charge 

(b) A charge less particle 

() An accelerating charge 

(@) Acharge moving at constant velocity 


2, IfEand B represent electric and magnetic field 


vectors of the electromagnetic wave, the 
direction of propagation of electromagnetic 


wave is along NCERT Exemplar 
QE (0) B 
()BxE ()EXB 


3, The range of wavelength of the visible light is 


> 


(a) 10A to 100A (b) 4000 A to 8000 A 

(©) 8000 Ato 10000 A (d) 10000 A to 15000 A 

If eg and iy are the electric permittivity and 
Magnetic permeability of free space ande andp 
are the corresponding quantities in the 
medium, the index of refraction ofthe medium 


in terms of above parameter is 


12 
() SA ) ({ } 
Foo Foto 
aye 
(9 | foto fats) 
9 @ an 
' The ratio of contributions made by the electric 


field and magnetic field components to the 
f gnetic fie! 
intensity of an EM wave is NCERT Exemplar 


@es (bc? it 
(ast (ver 

. Frequency of wave is 6% 10° Hz. The wave 1S 
(@) radiowave (b) microwave 


(©) X-ray (a) None of these 


7. Inthe following waves, which is not 
electromagnetic wave? 
(a) o-rays (b) y-rays 
(c) Infrared rays _ (d) X-rays 
8. The largest wavelength of electromagnetic wave 
Is 
(a) X-rays (b) radio waves 
(c)ultraviolet rays (d) infrared rays 
Directions (Q. Nos. 9-12) In the following 
questions, two statements are given- one labeled 
Assertion (A) and the other labelled Reason (R). 
Select the correct answer to these questions from 
the codes (a), (b), (c) and (d) as given below. 
(a) Both Assertion and Reason are true and Reason is 
the correct explanation of Assertion. 
(b) Both Assertion and Reason are true but Reason is 
not the correct explanation of Assertion. 
(c) Assertion is true but Reason is false. 
(d) Assertion is false but Reason is true. 


9, Assertion While applying Ampere’s circuital law 
to given surfaces with same perimeter, the left 
hand side fB-al =[Ugi(t) has not changed but the 


right hand side is zero. 


S 


+ ett ter 


Reason No current passes through the surface. 

10. Assertion We needed to do was to set up an AC 
circuit in which the current oscillate at the 
frequency of visible light ie, yellow. 


Reason The above experiment demonstrates 
electromagnetic wave. 
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it. Assertion An oscillating charge produces an 
electric field in space, which produces an 
oscillating magnetic field, which in turn, is a 
source of electric field and so on. 


Reason The oscillating electric and magnetic field 


thus regenerate each other, so to speak, as the 
wave propagates through the space. 


<. Assertion When the sun shines on our hand, we 
feel the energy being absorbed from the 
electromagnetic waves (our hands get warm). 
Reason Electromagnetic waves also transfer 
momentum to our hand but because c is very 
large, the amount of momentum transferred is 
extremely small and we do not feel the pressure. 


Directions (Q.No. 13) This question is case study 
based question. Attempt any 4 sub-parts from this 
question. Each question carries 1 mark. 


3. EM Wave 
Electromagnetic waves are transverse in nature. 
ie, electric and magnetic fields are perpendicular 
to each other and to the direction of wave 
propagation. Electromagnetic waves are not 
deflected by electric and magnetic fields. 


Direction of propagation — 


The magnetic field in a plane electromagnetic 
wave is given by 
By =2x107 sin(0.5x10°x +1.5x10"2)T. 
(i) What is the angular frequency of wave? 
(a) 05 %10° rads" 
(b) 15 x10"! rads“! 
(c) 3x10" rad 5! 
(d) 2«107 rads“! 
(ii) What is the wavelength of the wave? 


(a) 12.6em (b) 1.26 em 

(c) 126m (d) 6.12 m 
(iii) What is the frequency of the wave? 

(a) 2.39 GHz (b) 23.9 MHz 


(c) 23.9 GHz (d) 20.3 MHz 
(iv) The maximum value of electric field is 

(a) 6x10? Vm 

(b) 6x10? Vm™ 

() 6x10' Vin! 

(d) 6Vm™ 
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(v) Write an expression for the electric g 
(a) E, =60sin (05 x 10° x+ 15 x19! yy? 
+1 

ieee 3 

(b) E, = 60sin (05 x 5 x+15 * 10 Vrs 

(c) E, =60sin (05 x 10° x + 15 x10" yy, 
mr! 
(A) E, =60 cos (05 X 10° x+15 x 10" yp 


VERY SHORT ANSWER Type Questions 


14. Depict the fields diagram of an 
electromagnetic wave propagating along 
positive X-axis with its electric field along 
Y-axis. 

15. Acapacitor is attached to a variable 
frequency of an AC source. What will happen 
to the displacement current with the 
increase in frequency? 

16. To which part of electromagnetic spectrum 
do the waves emitted by radioactive nuclei 
belong? What is its frequency range? 


17. Which part of the electromagnetic spectrum 
is used in radar? Give its frequency range. 


Or How are electromagnetic waves produced by 
accelerating charges? 


18. Write two uses of infrared rays. 
19. Give the ratio of velocity of the two light 


waves of wavelengths 4000A and S000A 
travelling in vacuum. 


20. Mention one use of part of electromagnetic 
spectrum to which a wavelength of 21 cm 
(emitted by hydrogen in interstellar space) 
belongs. 

21. What is common between difference types 
electromagnetic radiations? 


22. A laser beam has an intensity of 
4x10" W/m? What will the amplitude of 
electric field in the beam? 


SHORT ANSWER Type Questions 


23. Whena plane electromagnetic wave rave 
in vacuum along y-direction. Write the 
(i) ratio of the magnitudes and 
Gi) the direction of its electric and ™4 
field vectors, 


gnelié 


by 

24. How are electromagnetic waves product 
caaillating charges? What is the source 
nergy associated with the EM waves? 


yi roragnetic Waves 
i 


nf amma Tays and tadiowaves travel with th 

same velocity in free space, Distinguish e 
petween them in terms of their origin and the’: 
main-application, seine 


radio can tune into any station from 5. 
46. to 16 MHz band. What is the antec 
wavelength band? : 


yf. Green light of mercury has a wavelength 
5x10 cm. 
(i) What is the frequency in MHz and period in 
second in vacuum? 


(ii) What is the wavelength in glass, if refractive 
index of glass is 1.5? 


38, Name the electromagnetic radiation to which 
waves of wavelength in the range of 10m 
belong. Give one use of this part of 
electromagnetic spectrum. * 


29, Find the wavelength of electromagnetic wave of 
frequency 5x 10'°Hz in free space. Give its two 
applications. 


LONG ANSWER Type I Questions 


30, (a) Identify the part of the electromagnetic 
spectrum used in (i) radar and (ii) eye 
surgery. Write their frequency range. 

(b) Prove that the average energy density of the 
oscillating electric field is equal to that of the 
oscillating magnetic field. 

3, (2) We feel the warmth of the sunlight but not 
the pressure on our hands. Explain. 

(b) Which out of wavelength, frequency and 
speed of an electro-magnetic wave does not 
change on passing from one medium to 
another? 

(0) Athin ozone layer in the upper atmosphere 
is crucial for human survival on earth, why? 

22, (a) How are electromagnetic waves produced? 
Depict an electromagnetic wave propagation 
in z-direction with its magnetic field B 
oscillating along x-direction. 

(b) Write two characteristics of electromagnetic 
waves. 

R wy, ; we 

ame the constituent radiation of 
tlectromagnetic spectrum which 
() is used in satellite communication. 

(i) is used for studying crystal structure. 

(ii) is emitted during decay of radioactive 
Nuclej, 

Write two more uses of each. 


34. 


Pr 


10. 


i. 


12. 


13. 
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How are X-rays different from rays? Give 


detailed description. 


ANSWERS | 


© 2. (a) 3. () 4, (b) 5. (c) 
(b) T. (a) 8. (b) 
(a) On applying Ampere’s circuital law to such surfaces 


we find that the left hand side 


with the same perimeter, 
anged but the right 


of equation f B.dl = Hoi(t) has not ch 
hand side is zero and not li. Since, no current passes 
through the surface. 
(c) We needed to set up an AC circuit in which the 
current oscillate at the frequency of visible light. ie., 
yellow. The frequency of yellow light is about 
6x 10" Hz, while the frequency that we get even. with 
modern electronic circuits is hardly about 10"' Hz. This 
is why the experimental demonstration of 
electromagnetic wave had to come in the low frequency 
region (the radio wave region), as in the Hert2's 
experiment (1887). 
(a) An oscillating charge produces an electric field in 
space, which produces an oscillating magnetic field, 
which in turn, is a source of electric field. 
(a) When the sun shines on your hand, you feel the 
energy being absorbed from the electromagnetic waves 
(your hands get warm). Electromagnetic waves also 
transfer momentum to your hand but because ¢ is very 
large, the amount of momentum transferred is 
extremely small and you do not feel the pressure. 
(i) (6) Comparing with given equation, we get 

(o =15 X10" rad s 
(ii) (b) Comparing the given equation with magnetic field 


ina plane 
xt 
B, sin] 2n | — + — 
° [ (; *) 


he 


ie, 


we get 


tsx 10° m= 126cm 


1 
Time taken 


= (15x 10") /2n = 23.9 GHz 


(iii) (©) As we know, frequency ie, v= 


a 
T on 
(iv) (c) According to Maxwell equation, electric field 
te, Ey=Bye =2x 107 x 3x 10° ms™ = 6x10! Vm7 
(¥) (¢ The electric field component is perpendicular to 
the direction of propagation and the direction of 
magnetic field. Therefore, the electric field 
component along the Zaxis is obtained as 
E, = 60 sin (0.5x 10°x+ 15x 10"t) Vm 
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14. An electromagnetic wave propagating along positive 
X-axis with its electric field Y-axis, will have its 
magnetic field along Z-axis, as shown below 


Y 


— Direction of wave propagation 


15. When frequency of AC source increases, then 
displacement current also increases. 

16. Gamma rays, its frequency range is 3x 10"°Hz to 

5x10" Hz 

17. Microwaves are used in radar systems of aircraft 
navigation. Its frequency range is 1 GHz to 300 GHz. 

Or. 
Refer to text on page 330. 
(Source of Electromagnetic Waves) 

18. Two uses of infrared rays are 
(i) in weather forecasting. 

(i) in production of dehydrated fruits. 

19. As, light waves travel in free space or vacuum with the 
speed of light (310° ms“), irrespective of their 
wavelengths. So, the ratio of velocity of given light 
waves is 1:1]. 

20. Given, wavelength, 2. = 21cm =0.21m 
The range of the wavelength of microwaves is 
approximately 30 cm to 1 mm. Thus, the given 
wavelength emitted by hydrogen interstellar space 
belongs to microwaves. These are used in RADAR 
systems for aircraft navigation. 

2L. Speed, in vacuum all types of electromagnetic wave 
travels with same speed, i.e.3 x 10° m/s, 


22. We know that, Ey = [24 
ge 
2x4 x10! 


885 x 10" x 3 x 
= 5489 x 10° N/C 


23. Refer to text on Pages 330 and 331. 
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fer to text on page 330. 
ae sure of Electromagnetic Waves) 


25. Refer to text on pages 332 and 333, 
26. Here, v, =55 MHz =55 x 10°Hz 


v, =16 MHz =16%10°H2 | 


= 0545 X10°m = 54.5 m 

8 

6 = 3X1 _ 01875 x 107 
16x 10° 


=1875 cm 
Hence, corresponding wavelengths of above frequencies 
are 54.5 mand 18.75 m. 


hha wee velo8 10° m/s 
i he wave, V=— 
27. (i) Frequency o} errr es 


_ 3x10°m/s 

5x10 m/s 
1+ 4 
Vv 6x10" Hz 


= 6x10" Hy 


Time period, T = = 016 x 10°45 


(ii) Refractive index, 1 =< 
Hy 


q 
eo =2x10° m/s 


033 x10 m 


=33x10%m 


28. Refer to text on Page 332, 
29. Refer to text on Pages 332 and 333, 
30. (a) (i) Microwave - 1 GHz to 300 GHz. 
(ii) Ultraviolet (by LASIK eye surgery) -10"* Hz to 10" Hz. 
(b) Refer to text on Page 331 [Important Characteristics of 
Electromagnetic 
Waves (vii)) 
31. Refer to text on pages 332 and 333, 
32. Refer to text on page 331, 
a aa : be on pages 332 and 333, 
xt on page 333, 


iphti F tion), 
Light is a Non-mechanical form of energy (i.e. it requires no medium for Be aaa its 
ue to which we have sensation of vision, Light always travels in a straight 
Speed is very high. tn Vacuum, light travels with a speed of 3x 10° m/s. 


RAY OPTICS AND 
OPTICAL INSTRUMENTS 


TOPIC 1| 
Ray Optics 
Alight wave can be considered to travel from one point to another, along a 


scaight line joining them. The path is called a ray of light and a bundle of such 
rysconstitutes a beam of light. The branch of study of light is called Optics. 


¥ CHAPTER CHECKLIST 


Broadly optics is divided into three groups * Ray Optics 
(i) Geometrical optics (Ray optics) * Refraction 
(il) Wave optics * Refraction at Spherical Surfaces‘ 
(ii) Quantum optics : and Lenses 


* Prism and Optical Instruments 


GEOMETRICAL OPTICS (RAY OPTICS) 


In this, light is considered as a ray which travels in straight line. Geometrical 
Optics states thar for each and every object, there is an image, It works on 
Slowing assumptions: 
(i) Rectilinear propagation of light, i.e. light ray travels in straight line. 
ti Laws of reflection. 
Gi) Laws of tefraction. 


tn Physical independence of light rays, ie. two light rays are totally 
independent of each other. 
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Reflection of Light 

Reflection is the phenomenon of change in the path of light 
without any change in the medium, 

The returning back of light in the same medium from 
which it has come after striking a surface is called reflection 
of light. 


Incident ray Normal Refleged ray 
A 


° 


The incident ray reflected ray and the lormal to 
the reflecting surface lie in the same plane 


Laws of Reflection 
The laws of reflection are as given below 
(@ The incident ray, the reflected ray and the normal to 
the reflecting surface at the point of incidence, all lie 
in the same plane. 

(ii) The angle of reflection (7) is equal to the angle of 
incidence (i), i.e. i =r. For normal incidence, 27 =0°, 
therefore Zr=0°. Hence, a ray of light falling 
normally on a mirror, retraces its path on reflection. 


Spherical Mirrors 
Spherical mirror is a mirror whose reflecting surface is a part 
of a hollow sphere. Spherical mirrors are of two types 


Concave Spherical Mirror 
A spherical mirror whose reflecting surface is towards the 
centre of the sphere is called concave spherical mirror. 


Rellectings-eo—~=. A 
surlsce 9 


A 


.— Polished surface 
Pole P 


/ 
: 


“B 
Concave mirror 


Convex Spherical Mirror 


A spherical mirror whose reflecting surface is away from the 
centre of the sphere is called convex spherical mirror, 


etecing. 2°2LL>< Polis 
oflect S. surface 
sutace ff _ 
Pole P H 
Be 
Convex mirtor 
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Sign Convention - 
To derive the relevant formulae for reflection by spheric 
mirrors and refraction by spherical lenses (which we will 
study later in this chapter), we must first adopt a Sei 
convention for measuring distances. 


Micror 
Direction of 
Heights | incident light 
upwards 
positive = prpote) 
Heights | Distances against E Xaxis 
downwards | incident light 
negative [negative —E Dances along 
incident fight 
positive 


The cartesian sign convention 


According to the cartesian sign convention, 
(i) All the distances are measured from pole (P) of the 
mirror or the optical centre(Q) of the lens. 

(ii) The principal axis of the mirror or lens is taken as 
X-axis and the pole or optical centre as origin. 

(iii) Distances measured in the direction of the incident 
light are taken as positive and opposite to the 
direction of incident light as negative. 

(iv) The heights measured upwards with respect w 
X-axis and normal to the principal axis of the mirror 
or lens are taken as positive and the heights 
measured downwards are taken as negative. 


Focal Length of Spherical Mirrors 

When a parallel beam of light is incident on a concave or 
convex mirror, the reflected rays converge or appear t0 
diverge from a point F on principal axis called principal 
focus of the mirror. We assume that the rays are paraxial, 
ive. they are incident at Points close co the pole P of the 
mirror and make small angles with the principal axis 


Foo (c) 
‘US of a concave and convex mirrors 
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F F light were inci i 
axl beam of light were incident, maki 
| ie Fe h rincipal axis, the reflected rays would ance 
| sh pat diverge from a point in a plane through F 
| he ro the principal axis. This is called the focal plane of 
| fei 


erelation between Focal Length 
(() and radius of Curvature (R) 


pr iat ee 

Consider @ Tay parallel to the principal axis striking the 
iror at point M. Then CM will be perpendicular to the 
iror at point M.Let0 be the angle of incidence and MD 
pe perpendicular to the principal axis. 


aM 


rei 


Geometry of reflection of an incident ray on 
(@)concave spherical mirror and 
(b)convex spherical mirror 


The, ZMCP =8 
a ZMEP =26 
ae tanO = MD. 
cD 
iy aang. : wai) 
toe sm allo 7 FD ! 
8.29 be true for paraxial rays), 
tan 26 = 20 
Hos Eq. (i), we get 
D 
7D™ zs or p== lil) 


i’ ; 

the inal 6, we can observe thar the point D is very 

Fo © point P. Therefore, FD = f and CD=R. 
‘Uii), we have 


A 
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Real Image If rays emanating from a point actually 
converge at another point after reflection/refraction, that 
point is called the real image of the first point. 

Virtual Image If rays emanating from a point do not 
actually meet but appear to diverge from another point, 
that point is called the virtual image of the first point. 


Mirror Formula 

Mirror formula (or equation) is a relation between focal 
length of the mirror and distances of object and image from 
the mirror. 

In principle, we can take any two rays originating from a 
point on an object, trace their paths, find their point of 
intersection and thus, obtain the image of the point due to 
reflection at a spherical mirror. However in practice, it is 
convenient to choose any two of the following rays. 

(i) The ray from the point, which is parallel to the 
principal axis after reflection goes through the focus 
of the mirror. 

(ii) The ray passing through the centre of curvature of a 
concave mirror or appearing to pass through it for a 

_ convex mirror simply retraces the path. 

(iii) The ray passing through (or directed towards) the 
focus of the concave mirror or appearing to pass 
through (or directed towards) the focus of a convex 
mirror after reflection is parallel to the principal axis. 

(iv) The ray incident at any angle at the pole is reflected 
following the laws of reflection. 


E<M 


In the above figure, the ray diagram is considering three 
rays for image formation by a concave mirror. In the figure; 
triangles A’B’F and NEF are similar. 


Th A’BY LAE 
ny NE NF 


As, the aperture of the concave mirror is small and the 
points V and P lie very close to each other, then 


NF = PF 

and NE = AB. 
AB! AE 

om "AB PF 
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Since, all the distances are measured from the pole of the 
concave mirror, we have 


A'F = PA’ = PF 
&3 eae eas wei) 
AB PF 
Also, triangles ABP and A‘B’P are similar, then 
A‘B’ _ PA’ ii) 
AB PA 
From Eqs. @) and (ii), we get 
PA'- DF _ Pat pies 
PF PA 
Applying new Cartesian sign convention, we have 
PA=-u 
[= distance of object is measured against incident ray] 
PA’ ==» 
[-- distance of image is measured against incident ray] 
PRP =-f 


[+ focal length of concave mirror is measured against 
incident ray) 


Substirucing these values in Eq. (iii), we have 


The above relation is called mirror formula. 
Relation between u,v and R 


~ Focal length of the mirror, f = 


pe ae | 
-+-=—_ => 
uiv R2 


Important Points 


(i) An object Is always placed in front of a spherical mirror, so. 
the distance of the object (u) is always negative. 

(il) In.@ spherical mirror, reat image is formed in front of the 
mirtor. Theretore, ts distance (v) is taken as negative, 
However, virtual image is formed al the back of the mirror, 
So, its distance (v) is taken as positive, as per the new 
Cartesian sign convention 

{iii) Similarly, focal length of a concave mirror is taken as 
negative, while that of convex mirror is taken as positive, 
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LINEAR MAGNIFICATION 


The ratio of the height of the image (5") formed 4 
spherical mirror to the height of the objec (A) is ca 
linear magnification produced by the spherical Mittor, 


Ic is denoted by m, ive. 


In the above figure, triangles ABP and A‘B’P are simila, 
AB’ _ PA’ 


AB PA 


Applying new Cartesian sign conventions, we have 


A'B'=— bh’ [height of image measured downwas] 


AB=+h [height of object measured upwan] 

PA=-u [+ object distance measured against 
incident ray] 

PA’=~p [+ image distance measured against 


incident ray] 
The above equation becomes 
-W-v 


or li) 


# | Linear magnification, m = HE = 
b a 


. : , 
The expression for magnification is same for both t 
Concave and convex mirrors, 


() When m > 1, image formed is enlarged. 
(i) When m <1, image formed is diminished. 


i is positive, i 
(iit) When mis Positive, image must be erect, ie: 


virtua 
iv’ 0 H fst . 
(iv) When m is Negative, image must be inverted, ie: ; 
& ‘ ive © 
(v) In case of concave mirror, m can be either pos!" 


Negati . se sitive 
Degative but in case of convex mirror, m is P° 
ly. 


" optics and Optical Instruments 


jsaMPLE lt] A candle flame is held 3 cm away from a 
a jrror of radius of curvature 24 cm. Where is the 

on e formed? What is the nature of the image? 

ven, object distance, u = ~3cm 


gol. Gi 


Radius of curvature, R = — 24cm 


| + Magnification, m = ~ 22 eai3s 
- u = 


ie. The image formed is virtual, erect and magnified. 


EXAMPLE |2| An object is placed in front of a convex 

tinor of focal length 30 cm. If the image is a quarter of 
| the size of the object, find the position of the image. 

Sol Given, focal length, f = +30cm 


| Magnification, m= a v=? 
4 


From miror’s formula, 


> = 
v 
ks = 12% 
4 30 
me 30=120-4¥ 
= 


vee 4225em 


ee Vis positive, therefore a virtual and erect image will 
* formed on other side of the object. : 


| ee of Spherical Mirrors 
|" Convex mirror is used as a reflector in street lamps to 
Verge the light over a large area. 
ie is used as rear view mirror (or driver's 
(i) ana n vehicles because it hasa wider field ofview. 
head tear is used as a reflector in search light, 
ti) Chic 7 vehicles, etc. ah 
ecg id is also used as face looking mirror 
: rms erect and magnified image. 
Phrical mirrors are also used as trick mirrors. 
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TOPIC PRACTICE 1 | 


OBJECTIVE Type Questions 


1. The direction of ray of light incident on a 
concave mirror is shown by PQ while directions 
in which the ray would travel after reflection is 
shown by four rays marked.1, 2,3 and 4 (figure). 
Which of the four rays correctly shows the 
direction of reflected ray? NCERT Exemplar 


(a)1 (b)2 (3 (d) 4 
2. In reflection over a spherical mirror, ray 
parallel to principal axis, after reflection from 
mirror pass through 
(a) focus 
(c) pole of mirror 


(b) centre of curvature 
(d) any point 
3.4 ray passing through or directed towards 
centre of curvature of a spherical mirror is 
reflected such that it trace back ofits path, 
because 
(a) it does not follow law of reflection 
(b) angle of incidence is 0” 
(c) centre of curvature is midway between object and 
pole 
(d) ‘distance of centre of curvature from focus is equal 
to its distance from pole 


4. If lower half of a concave mirror is blackened, 
then 
(a) image distance increases 
(b) image distance decreases 
(c) image intensity increases 
(d) image intensity decreases 


5. An object 2 cm high is placed at a distance of 
16 cm from a concave mirror, which produces a 
real image 3 cm high. What is the focal length 
of the mirror? 
(a) -96cem 
(c)- 63cm 


(b) - 36cm 
(d)- 83cm 
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VERY SHORT ANSWER Type Questions 


6, Amirror is tamed through 15°. With what angle 
will the reflected ray turn? 


7. Athick plane mirror forms a number of images 
of a point source of light. Which image is the 
brightest? 


8. Aboy is running towards a plane mirror with a 
speed of 2 m/s. With what speed the image of 
the boy approach him? Foreign 2011 


9. How can the real image of an object be obtained 
with a convex mirror? Delhi 2011 


10. 


The direction of ray of light incident on a 
concave mirror is shown by PQ while directions 
in which the ray would travel after reflection is 
shown by four rays marked as 1, 2, 3‘and 4 in the 
figure? Which of the four rays correctly shows 
the direction of reflected rays? 


11. Give the effect on image, if lower half of 
the concave mirror is blackened. 


SHORT ANSWER Type Questions 


12. Aconcave mirror of small aperture forms a 
sharper image. Why? 


13. Choose the statement as wrong or right and 
justify. 


(i) Linear magnification of a spherical mirror is 
iven by ~, 
given by 7 
(ii) Focal length of plane mirror is zero, 
Pera re eae | . 
(iii) 7 + a j can be applied to all types of 
mirror. 


14, Use the mirror equation to show that an object 
Placed between f and2f of a concave mirror 
Produces a real image beyond2f. All India 2015 


15. Youreada newspaper because of the light that it 
reflects. Then, why do not you see even a faint 
image of yourself in the newspaper? 


| Alliaone | PHYSICS oy, 


16. “Mirrors used in search lights are Parabg) 


A ic 
not concave spherical”. Explain, why? by, 


17. Ashort object of length L is placed along the 
i principal axis of a concave mirror away from 
focus. The object distance isu. If the mirro 
a focal length f, what will be the length of; 
image? You may take Leé<lv-f\, 


NCERT Exerpi, 


Hints: The length of image is the separation between j~ 
| images formed by mirror of the extremities of object. 
|__ images formed by mirror o!'is €5 of object. 


LONG ANSWER Type I Questions 


18. (i) Amobile phone lies along the Principal axis 
of a concave mirror. Show with the help ofa 
suitable diagram the formation of its image, 
Explain, why magnification is not uniform? 

(ii) Suppose the lower half of the concave 
mirror’s reflecting surface is covered with 
an opaque material. What effect this will 
have on the image of the object? Explain. 


Delhi 2015 


Thay 


the 


19. An object AB is kept in front of a concave 
mirror as shown in the figure. 


é 


(i) Complete the ray diagram showing the 
image formation of the object. 

(ii) How will the position and intensity of the 
image be affected, if the lower half of the 
mirror’s reflecting surface is painted black? 


All India 2012 
20. An infinitety long rod lies along the axis of 
concave mirror of focal length f. The neat end 
of the rod is at a distance x> f from the mitto" 
Then, what will be the length of the image o! 
the rod? 
21. 


Show that spherical mirror formula is applica 
toa plane mirror, 


22, n 
2, Use the mirror equation to show that 
(i) an object p| 


aced between f and2f of 
concave Mirror Ss i (a 
beyond t produces a real imag' 


opt and Optical Instruments 
wy 


as convex mirror always produces a virtual 
jmage independent of the location of the 
object 
aa" object placed between the pole and focus 
ofa concave mirror produces a virtual and 
enlarged image. All India 2011 


a) Draw aray diagram to show image 
Bf formation when the concave mirror 
roduces areal, inverted and magnified 
image of the object. 
obtain the mirror formula and write the 
expression for the linear magnification. 
CBSE 2018 


ANSWER Type II Questions 


ate and derive mirror formula for a‘concave 
te the sign convention used. 


jonG 

4, Sti 
: mirror. Sta 
35, Use the mirror equation to deduce that, 


(i) an object placed between fand 2fof a 
concave mirror produces a real image 
beyond 2f. 

(i) aconvex mirror always produces a virtual 
image independent of the location of the 
object. 

(ii) the virtual image produced by a convex 
mirror is always diminished in size andis 
located between the focus and the pole. 

(iv) an object placed between the pole and focus 
of a concave mirror produces a virtual and 
enlarged image. NCERT 


NUMERICAL PROBLEMS 


%. Asquare wire of side 3 cm is placed 25 cm away 
from a concave mirror of focal length 10 cm. 
What is the area enclosed by the image of the 
wire? Given, the centre of the wire is on the axis 
ane mirror, with its two sides normal to the 

is, 


y, : 
- erect image 3 times the size of the object is 
tained with a concave mirror of radius of 


Curvature 36 cm, What is the position of the 
Object? 


nA 
fee tall tree is to be photographed with a pin 
ice It is situated 15 m away from the 
‘ole. How far should the screen be placed 


m the pin h ; A 
the tree ole to obtain a 12 cm tall image of 


q Li hi 
refeny Wavelength 5000 A falls on a plane 
ing surface. What are the wavelength and 


30. 


31. 


a 


nN 
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frequency of reflected light? For what angle of 
incidence is the reflected ray normal to the 
incident ray? 


Light incident normally on a plane mirror 
attached to a galvanometer coil retraces 
backwards as shown in the figure. A current in 
the coil produces a deflection of 3.5’ of the 
mirror, What is the displacement of the 


reflected spot of light on a screen placed 1.5m 
away? NCERT 


Suppose while sitting in a parked car, you 
notice a Jogger approaching towards you in the 
rear view mirror having R =2m. If the Jogger is 
running at a speed of 5 m/s, how fast is the 
image of Jogger moving, when the Jogger is 

(i) 39m 
(ii) 29m 

(iii) 19m | 
(iv) 9m away ? 


HINTS AND SOLUTIONS 


(b) The PQ ray of light passes through focus F and 
incident on the concave mirror, after reflection, should 
become parallel to the principal axis and shown by ray-2 
in the figure. 

(a) Parallel beam passes through focus after reflection. 
This can be shown in the figure given below. 


Alp) 


(b) As we know, angle i = 0° and angle r = 0°, when light 
ray is passes through centre of curvature of a spherical 
mirror is reflected such that it trace back its path. 

(d) If lower half of a concave mirror is blackened, then 
image will be now only half of the object, but taking the 
laws of reflection to be true for :.t! points of the 
remaining part of the mirror, the image will be that of 
the whole object. However, as ‘he area of the reflecting 
surface has been reduced, the intensity of the image will 
be low ie, half. 
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i ion, we hi 
5. (a) Here, hy = 2cm,u=~-16emh, =-3em 14. According to a aero equations Welsave 
. j j 


(since image is real and inverted) 


where, t = distance of the object from the mirror, 
vy = distance of the image from the mirror 
f = focal length of the mirror. 


* and ; 
From the mirror equation, we have 
Now, ‘ts uf 
u-f “ 


Applying new cartesian sign convention, we get 
for-ve and u=—ve 

Given, f <u <2f 

=> v=—ve 
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G. The reflected ray turns twice the angle through which 

mirror is turned, i.e. 
7. A thick plane mirror consist of two surfaces (top and 

bottom), where the reflection takes place. The images ran asl ohne =f 

are formed after reflection from both the surfaces, Magnification is given by 

except for the first image. The second image is the 

brightest of all as minimum absorption takes place and 

bounces of the silvery layers which makes the bottom 


Hence, the image formed is real. 
From the mirror formulg, when w = 


surface. 25, pepe 

8B. The image of the object in a plane mirror is as far -2fv 
behind the mirror as the object is in front of it. a1. 4 
Therefore, the image of the boy comes near the mirror = Rae ci 
through the distance equal to that moved by the boy v af f af 
towards the plane mirror. Hence, the image of the boy When the object is at f, then image is formed at infinity. 
will approach him with double his speed, i.e. with 4 m/s, This shows that when f <u < 2f,then - > v > 2f. 

9. “A convex mirror produces a real image of a virtual 15. We can an image, if it is caused by regular reflection. In 
object. Therefore, if a beam of light from a virtual object the case of newspaper, the inhomogeneities of the 
converges to a point behind the convex mirror, then its surface cause diffuse reflection, So, the incident parallel 
real image will be formed in front of the mirror. beam is scattered in all directions, hence no image is 

10. The incident ray PQ passes through the focus, so the seen. 
reflected ray is parallel to the principal axis. So, the 16. A search light produces an intense parallel beam of 
answer is ray 2. light. This require a reflector of large aperture. When@ 
IL Ifthe lower half of the concave mirror is blackened, source is placed at the focus of large concave mirtor 
then there is no change in the position of image, only only the paraxial rays are reflected as parallel beam but 
intensity will get reduced. when a source is placed at the focus of parabolic mittet 
12. ae rays of light travelling parallel to the principal axis All the rays are reflected as an intense parallel beam. 
ler reflection from a concave mirror meet at a single 17. Si 5 3 7 r 
+ Since, the object distance is u. Let us consider the 'W° 


point only, if the beam of light is narrow or if the mirror 
is of small aperture. In case, a wide beam of light falls on 
a concave mirror of large aperture, the rays after 


ends of the object be at distance u, =u - L/2and 
My =u + L/2 Tespectively, so that |u, —u, |= L- Let the 


reflection from the mirror do not come to focus at a image of the two ends be formed at vy, and v9 
single point. Therefore, it follows thal, if the aperture of Fespectively, so that the image length would be 
the concave mirror is small, the image formed will be L's |v, v5] a 
” sharper. Applying mirror formula, we have 
* (i) Wrong, linear magnification of spherical mirror is -¥ tet ed gyn i 
bata. a mia unf 
(using sign conventions). On solvi ve F 
(i) Wrong, as the plane mirror can be considered to be "solving the potions of two images are given 
the limit of either a concave or convex spherical vy, = fob) | _ furl 
curved minror asthe radius, therefore the focal length un fenja 2 y= fre 
of plane mirror becomes infinite, For length, substituti ; et 
renee ituti ‘i we & 
(ii) Right, but for plane mirror using this formula, focal “he eae values ia Ba. 


fi 


Jength becomes infinite. L’s|y,~y,;-__fb _ 
u-fy-LA 


-ptics and Optical Instruments 
1) 


since, the object is short and kept away from focus, 


have : 
i“ LA<<(u~fy 


ence, finally, L’= 


uu-f 
sis isthe required expression of length of an image, 

The ray diagram for the formation of the image of the 
mobile phone is shown below. The image of the part 
which is on the plane perpendicular to Principal axis 
will be on the same plane. It will be of the same size, 
ie BC = BC 


gp @ 


(a) Wemay think that the image will now show only half of 
the object, but considering the laws of reflection to be 
true forall points of the remaining part of the mirror, the 
image will be that of the whole object. 


However, as the area of the reflecting surface has been 
reduced, the intensity of the image will be low, ie. half. 


12. @) The tay diagram showing the image formation of the 
object. 


® The Position of image is unaffected but the intensity 
Image is reduced. 


* Using mirror formula, = 141 
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*. Length of the image = ~fu -f 


-ftu 
fut fi- fl 
ftw umf 
21. The spherical mirror formula is given by 
tpl od fi) 
uv f 
For a plane mirror, R = co 
if = R =a 


2 
From Eq. (i), we get 
Bele cess el eye 
uve vou 
As, u is negative, v becomes positive. 
Thus, image is formed behind the mirror at the same 
distance as the object is in front of it. This happens in a 
plane mirror and is the desired result. Also, note that 
magnification, m =— xis. 
wu 
22. (i) Refer to Q. 14 on page 354. 
(i) For convex mirror, f >0 
Also, u<0 
But from mirror equation, 
i ony ee (aa | 1 


ee eee [taking u with sign] 
fovuv pul 

i oils 

Seay 

vo fou 


1 
If f and u to be positive, thean—->0 => v>0 
v 


Hence, virtual image is formed. 
(iii) For concave mirror, 
f<Qu<o, | f|>|ul>o 
But from mirror equation, 
oe | =1 1 
=> 


feu” ify tu 
eles 
v jul Il 
1 1 
Ivi<ifl = rrr 
> tr05 v>0 


v 


Tmage is formed on RHS of mirror, ice. virtual image. 


a ae 1 

Also, ere a, 
foivt tel 

For concave mirror, f is negative. 
pes => bls, => m>1 
Ivf ful ful 


Enlarged virtual image formed on the other side of 
mirror. 
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28. (a) Concave mirror form real, inverted and magnified 
image of an object when it is placed between Cand F. 
The ray diagram is given as 


fel SUE 
de 


(b) In the given figure, the ray diagram considering three 
rays for image formation by a concave mirror. 


As the aperture of the concave mirror is small, the 
points N and P lie very close to each other. 


AB PF 


Since, all the distances are measured from the pole of 
the concave mirror, we have 


wi) 


sufi) 
From Eqs. (i) and (ii), we get 
PA'~ PF _ Pa’ (un 
PFPA " 


Applying new Cartesian sign convention, we have 
PA=-u (+ distance of object is 
measured against incident ray) 


PA‘ =-v 


(+ distance of image is measured 
against incident ray) 
PF=-f 
(+ focal length of concave mirror 
is measured against incident ray) 
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Substituting these values in Eq. (iii), we get 
oust a 


‘The above relation is called mirror formula, 

Linear magnification 

‘The ratio of the height of the image (h’) formed by 1 

spherical mirror to the height of the object (h) is called 

the lingar magnification produced by the spherica 

mirror. 

It is denoted by m. 

mae 
kh 


24, Refer to the text on pages 351 and 352. 
25. For parts (i), (ii) and (iv), refer to Q. 22 on page 354, 


(iii) For convex mirror, f >0,u <0 


; 1 1 re 
From mirror formula, += + — 1 
y u 
So, Eder wey 
vf 
-1 
Also, ty Foo ey, 
vu 
ie, mei 


Thus, image is always located between pole and focus 
of the mirror and is always diminished in size. 
26. Here,u = 25cm, f =-10cm 


Using mirror formula, = 14.1 
fax 


ody tet 
10 25 v 
= yard 
r 


Now, magnification, m = 


Vength and breadth both change in the same propotto™ 
Area of the object, 


Al =3x3=9em? 


a AL 2) 
Ee 


al - 
A, =($)x2=4em! 


poy 


4, 


optics and Optical Instruments 


Given. magnification, m = +3, R= —36 om 
" ject distance, w=? 
tel : 


a v=-3u> v=3x 
Applying mirror formula, we have 


1 
Dd ee as, Me eee 
uv f R -x 3x -36 
-3+1_-1 
a Oe 3 = 36 
3x 
Ps x =12cm oru=—12em 
Given, h, =12m,u=—15m,v = 2) 
jh, =l2em= 012 m (symbols have their usual meanings) 
v 
A Ty 
2 ve bi yy 
A, 
= 2 15=015m =15cem 
12 
Thus, the screen should be placed 15 cm from the pin 
hole to obtain a 12 cm tall image of the tree. 
, Given, A = 5000 A=5 x10 m 
Frequency of incident light, 
8 
28 -3%10 [c= 3 x10°m/s] 
2% 5x107 
= 6x 10 Hz 
On reflection, there is no change in wavelength or 
frequency, Therefore, 4’ =A = 5000 A 
or vy’ =v=6x10" Hz 
For reflected ray to be normal to incident ray, 
i+r=90° = i+/=90° 
<2 1 or 45° 
2 


Given, deflection of the mirror, 0 =3.5° 
Distance between screen and mirror, x =1.5m 


ae know that when mirror turns by angle, the 
‘lected light may turn by 20. 


20 =2x 3,5°= 7° = i radians 
180 


Agtin, in 440s, tan 20 = 45 
SM 


an(7e) wat 
180) 15 15 


31. 
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or d=15tan (Z) 
180 
For small angle, tan Tie 
180 180 
3 


Spee 
vu f 
bes ee | 
> seess 
v fou 
= du 
vf 
=> v= fi fi) 


When Jogger is 39 m away, thenu = —39m 
Using Eq. (i), we get 


ye fe) 

u-f —39-1 
39 
or v=—m 
40 


As the Jogger is running at a constant speed of 5 m/s, 
after 1 s, the position of the image (v) for 
us- 3945 
=> us-4m 
Again, using Eq. (i), we get 
oot) 34) 


1365-1360_ 1 
3 
1400 280 
Average speed of Jogger's image = a m/s 
Similarly, for u = - 29m, -19m and — 9m, average speed 
1 1 1 

of Jogger image is — m/s, — m/s, — m/s, respectively. 
Joes e 150 : 60 10 ss 7 


The speed increases as the Jogger approaches the car. 
This can be experienced by the person in the car. 


|TOPIC 2| 
Refraction 


Reflection involves change in path of light without any 
change in the medium, whereas refraction involves 
change in the path of light due to change in the 
medium. 
, Normal 

Incident ray TPM elected 
- ray 
i 


Retlecting! 
surtace 


T 
* Rettacted ray 

When a beam of light encounters another transparent 
medium, a part of light gets reflected back into the first 
medium while the rest enters the other. The direction of 
propagation of an obliquely incident ray of light, thac 
enters the other medium, changes at the interface of two 
media. This phenomenon is called refraction of light. 


Laws of Refraction 

() The incident ray, the refracted ray and the 
normal to the refracting surface (or interface) at 
the point of incidence, all lie in the same plane. 

(ii) The ratio of the sine angle of incidence to the 
sine angle of refraction is constant for the two 
given media. This constant is denoted by “}1, 
and is called the relative refractive index of 
medium 6 with respect to medium a. 


This law is also called Snell’s law of refraction. 


Refractive Index 

The refractive index or index of refraction jt of a 
material is the ratio of the speed of light (c) in vacuum to 
the speed of light in the medium (v). 

Mathematically, refractive index is given by the relation 
_ Speed of light in the vacuum _ ¢ 


~ Speed of light in the material 


It is also referred as absolute refractive index of the 
substance. 


Refractive Index of Some Substance Media 


Substance medium | Refractive index 
“Ethyl alcohol 7.362 
water, HO 1.333 
Air 1,000293 
Oxygen, O2 1,000271 


active index is a measure of how much light bends, 


Relative refr: h 
medium to another medium, 


when ir travels from one 
If light travels from optical rarer medium to optical dens, 
medium, then it bends cowards the normal, ie. i > r. On the 
other hand, if light travels from optical denser medium t» 
optical rarer medium, then light bends away from the normal, 


lei<n 
| Rarer Denser 
ii_ a0" 90" 
Danser ater 


‘The medium in which the speed of light is higher with respect 
to other medium, is said to be optically denser medium. 
Optical density is the ratio of the speed of light in ewo media. 
Optical density should not be confused with mass density, 
which is mass per unit volume. It is possible that, mass density 
of an optically denser medium may be less than that of an 
optically rarer medium. e.g. Turpentine and water, Mass 
density of turpentine’is less than chat of water but its optical 
density is higher. 


Principle of Reversibility of Light 

When a light ray, after suffering any number of reflections and 
refractions, has its final path reversed, it travels back along it 
entire initial pach. This is called principle of reversibility of 
light, In the figure, OA is an incident ray in medium | and 4B 
is the refracted ray in medium 2. By Snell's law, the refractive 
index of medium 2 relative to medium 1 is given by 

1 sing () 


sinr 
where, i and are the angl inci Hace 
So angles of incidence and refra 
Supt the ray AB is reflected back by a plane mirror. No‘ 
is the incident ray and AO is the refracted ray. 


py 


arrespo™ 


diy fe 
sint 
Muliplying Eqs. (i) and (ii), we get 


sini 


Thus, the refractive index of medium 2 relative to medium 
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ingly, 7 is angle of incidence and j is angle 

P 7 of 
ction. Again, by Snell’s law, the refractive index of 
pedi 1 relative to medium 2 is given by 


_velll) 


Lisequal to the reciprocal of the refractive index of medium 


Irehtive to medium 2. 


Refraction of Light Through a 


Rectangular Glass Slab 


lt ABCD be a rectangular glass slab. A ray of light is 
incident along MU on the face AB of the rectangular slab at 


4, Itis refracted along NK with Ln. 


The refracted ray NK falls on face CD with Zi, and 


‘merges out along KZ with Zr. 


Hints 
PPlying Snell's law at N, 
H, Xsiné =p, Xsinn 


or sini; Hy , 
siny, Ra ee 
1 Be 


Aan, anoles 
"applying Snell’s law at K, 


s 


My sin rz 


Hy Xsin fy =}, XSINT2 
Ha sina sy 


a 


aan (ii) 
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According to the principle of reversibility of light, when 
final path of a light ray after suffering a number of 
reflections and refractions is reversed, then the ray retraces 
its entire path, 
Now, imagine a plane mirror ? held normal to KL so that 
on reflection from mirror, path KZ is reversed. The ray 
would retrace its entire path. For the reversed ray, the 
application of Snell's law at K’ gives 

p, Xsinr, =H, Xsin dy 


Ws. 200 oe iii) 
Lh, sind, i 
Multiplying Eqs. (ii) and (iii), we get 
hy 
sinr, sinéy 
1 
1= 4a, XW, Re AZ 
“He 
From Eqs. (i) and (iii), we get 
Sait Jae a) 
sinr, sini, 
As, i,=7 [alternate angles] 
sini, =sii 


From Eq. (iv), we get 
sinr, =sini, of 7 =%, 

Hence, the emergent ray KZ is parallel to the incident ray 

MN as shown in the figure. We observe thar the incident 

ray MN is displaced laterally, on suffering two refractions 

through a glass slab. 


Expression for Lateral Displacement 
Now, from K; draw KL’ L MN produced. 

. Lateral displacement of the ray on passing through the 
parallel slab = KL’, 

Let ZKNL'=8= deviation on first refraction. 


InA NEL’, sin 8= Lees 
NK 
KL'= NK sind wa(v) 
InANN'K, ine 
NK 
NK = NN + 
cos7, cosh 
where, t= NN’ = thickness of glass slab. 


From Eq. (v), we get, to sind 


we (vi) 


or 
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This is the required expression for lateral displacement (or 
shift), which is obviously proportional to thickness (#) of 
glass slab, Further, lateral displacement (or shift) will 
increase with increasing angle of incidence (/,). 


EXAMPLE |1| A ray of light is incident at an angle of 
60° on one face of a rectangular glass slab of thickness 
0.1 m and refractive index 1.5. Calculate the lateral shift 
produced. 
SoL. Given, angle of incidence, i, = 60° 
Thickness of glass slab, f = 0.1m 
Refractive index, 1 = 1.5 
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As light ray is travelling from denser medium 0 tary 


medium. : 
Ay ete 
Bw © sini 

AB OB _ OB 

or “Wu = OR AB OB 


Bis close to A (as angles are very small). So, OA = 08 ang 


OA=O8B 


If x is the real depth of water surface and “HL, is the 


refractive index of water with respect to air, then the 


Since, 
vormal shift (d) in position of point object is given by 
d= Real depth — Apparent depth 
d=x-> 
n, =sin | (05773) = 35.3° Hw 
og _ tsin(iy — 5) _realdepth x 
++ Lateral shift =" [- apparent depth = >= 
_ Ousin(60° - 35.3°) _ Osin24.7° : 
~~ ¢0835.3" 0s 35.3° 
= 01X48 00513 m or |d 
0.816 


Apparent Depth and Normal Shift 


The depth of an object immersed in water appears to be 
lesser than its actual depth. Let O be a point object at an 
actual depth OA below the free surface of water XY. 


A ray of light incident # og 


normally on XY, along OA 

passes straight along OAA’. 
Another ray of light from O —4 
incident at Zi on surface XY “acer hi 
along OB deviates away from — depth 
normal, It is refracted ar Zr 
along BC. On producing 
backwards BC meets OA at 
O’. Therefore, O is virtual image of O. 


Apparent depth = AO’ 


Real depth O 


Real depth = OA 
Clearly, AO’<OA 
Now, ZBOA = ZOBN ‘=i [alternate angles} 
ZAO'B = ZCBN =r [corresponding angles] 
In AOAB, sing = AB 
OB 
InAO’AB, — sinr 2 AB. 


EXAMPLE |2| Velocity of light in glass is 2x 10° m/s 

and that in air is 3 x10® m/s. By how much would an ink 

dot appear to be raised, when covered by a glass plate 6 cm 

thick? : 

Sol. Given, velocity of light in glass, v = 2x10° m/s 

Velocity of light in air, ¢ = 310° m/s 
". Refractive index of glass with respect to air, 
a c _ 3x108 
Hy=—= = 
v 2xio° 
+ Normal shift in the position of ink dot, 


a(t] 
My 


=o(1 7 f= 285 20m 


15 


Effect of Atmospheric Refraction at 

Sunrise and Sunset 

Fiona de atmosphere around the earth is not uniform 

Ee, senor ue to which, it has layers of different densité, 

Maer ction of light due to variation in optical dens! 
‘ospheric layers is called atmospheric refraction. 
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P fraction of sunlight from atmosphere, the sun is 
mm ea jee before the actual sunrise and a little after the 
ol sunset 
¥ parent postion 
i 5 

Horizon 


Atmosphere 
Advance sunrise and delayed sunset due to 
3 atmospheric refraction 


1 refractive index of air with respect to vacuum is 
0029. Due to this, the apparent shift in the direction of 
te gun is about half a degree and the corresponding time 
Afference berween actual sunset and apparent sunset is about 
ymin, The apparent flattening (oval shape) of the sun at 
sunset and sunrise is also due to atmospheric refraction, 


(ritical Angle 

Ciical angle for a pair of given media in contact can be 
dined as, “‘the angle of incidence in denser medium for 
vtich/angle of refraction in rarer medium is 90°”. The 
vdue of critical angle depends on the nature of cwo media 
in contact, 


From Snell's law, Hy Xsiné, = pl, xsin 90° 


Hy sing, ty 
eb Sf, Lang sin 90°=1 
Hy sino Hy ee 
oO fi ool 
2 a 
sini, 


Critical Angle of Some Transparent Media 


S 
“nee medium | Refractive index | Critical angle 
ler age ie ran 


Crevn 193 48.75" 
Glass | 152 ) atta 
cr gass | 462 | 97.31° 
2.42 | 24ate 


Yap 

tales LE [3|ita ray of light travelling in air is incident 
hi igh ye ce with an angle of incidence 40°, it deviates 
Me >" determine the critical angle for a glass-air 
ie 
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Sol. Given, angle of incidence, i= 40° 

‘ Angle of deviation, 6 = 15° 
Since, ray deviates towards the normal, therefore 

a r=i-§=40 ~15° = 25° 
As we know that, 


 sinr ~ sini, 
sinr _ sin25° _ 04226 


6428 


= sini, =—— 
sini sin40? 

=> sini, = 0.6574 
i, =sin™ (0.6574) = 411° 


TOTAL INTERNAL 
REFLECTION (TIR) 


When a ray of light travelling from denser medium to rarer 
medium, is incident at the interface of two media at an 
angle greater than the critical angle for the two media, the 
ray is totally reflected back to denser medium, this 
phenomena is called Total Internal Reflection (TIR). 


Rarer. 7 
medium 
(ain) 
| Water-air 
On! D Oy! interface 


Totally 


Denser reflected ray 


medium 
(water) 


Refraction and internal reflection of rays from a point Ain 
the denser medium (water) incident at different angles at 
the interface with a rarer medium (air) 
Necessary conditions for total internal reflection to take 
place are as follows : 
(i) The ray incident on the interface of two media 
should travel in the denser medium. 
(ii) The angle of incidence should be greater than critical 
angle for the two media, 


TOPIC PRACTICE 2.| 


OBJECTIVE Type Questions 


1. Which of the following quantity remains 
unchanged after refraction? 
(a) Speed of light (b) Intensity of light 
(c) Wavelength of light (d) Frequency of light 
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Aray of light strikes an air-glass interface at an 
angle of incidence (i = 60°) and gets refracted at 
an angle of refraction r. On increasing the angle 
of incidence (i > 60°), the angle of refraction r 
(a) decreases (b) remains same 
(c) is equal to 60° 
. Aray of light strikes a transparent rectangular 
slab of refractive index 2 at an angle of 
incidence of 45°. The angle between the reflected 
and refracted ray is 
(a)75° (90° (c) 105° 
. Speed of light in air is 3.0x 10°m/s. Speed of light 
in the glass of refractive index 1.5 will be 
(a)1.5x10° m/s (b)2.0x10° m/s 
(c)1.8x10° m/s (d)2.5x10° m/s 


* (d) increases 


(d) 120° 


. The refractive indices of water and glass with 
respect to air are 4/3 and 5/3, respectively. The 
refractive index of glass with respect to water will 
be 
(a)18 ()48 

. If the value of critical angle is 30° for total 
internal reflection from any medium to vacuum, 
then speed of light in that medium 
(a)3x10° m/s (b) 1.5x10° m/s 
(c)6x10° m/s (d) 4.5x10° m/s 


, Ifin denser medium, incidence angle is equal to 
critical angle, then refraction angle will be 


(c) 5/4 {d) 20/9 


(ae (b)45° 
(c) 90° (4) 180° 
. The ratio real depth is equal to 


apparent depth 

(a) refractive index of denser medium with respect to 
air 

(b) refractive index of denser medium with respect to 
rare medium 

(c) refractive index of rare medium with respect to air 

(d) refractive index of rare medium with respect to 
denser medium 


.. The phenomena involved in the reflection of 
radiowaves by ionosphere is similar to 
NCERT Exemplar 
(a) reflection of light by a plane mirror 
(b) total internal reflection of light in air during a 
mirage , 
(c) dispersion of light by water molecules during the 
formation of a rainbow 
(d) scattering of light by the particles of air 
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VERY SHORT ANSWER Type Question, 

onochromatic light travels from one 

” roost to another, its wavelength change, 
but frequency remains same. Explain. Delhy 2011 


For the same value of angle of incidence, the 
angles of refraction in three media A, B and 
are 15°, 25° and 35°, respectively. In which 
medium would the velocity of light be 
All India2n) 


il. 


minimum? 
ii il ir-glass interface 
Aray of light strikes on alr-g a at 
2 an angle of incidence (<i = 60°) and gets 
refracted at an angle of refraction (<r). What 
will happen to the angle of refraction on 
increasing the angle of incidence? 
Why does a crack in a glass window pane 
appear silvery? 
The refractive index of diamond is much 


higher than that of glass. How does a diamond 
cutter make use of this fact? All India 2011 


13. 


15. Why prisms are used in many optical 
instruments? 


16. Which of the two main parts of an optical 
fibre has a higher value of refractive index? 


SHORT ANSWER Type Questions 
17. When monochromatic light travels from a 
rarer to a denser medium, explain the 
following, giving reasons. 

(i) Is the frequency of reflected and refracted 
light same as the frequency of incident 
light? 

(ii) Does the decrease in speed imply a 
reduction in the energy carried by light 
wave? Delhi 2013 


18. Mention any two situations in which Snell’s 
law of refraction fails. 


19. 


Aray of light is incident at a glass-water 
interface at an angle of i, it emerges finally 
Parallel to the surface water, then what will be 
the value OF 1,2 


20. Why does the sun rising j 
x ar 
. oval in shape? ising in the sky appe' 


21. Choose the 
aie statem: 
justify. ent as 


(i) Snell's law is yer; 
surface, WJ verified for all types of 


wrong or right and 
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(i) qotal internal reflection on} 


‘ ly takes place 
when light travels from rarer to dene 
medium. 


» fi Write the necessary conditions for the 
phenomenon of total internal reflection to 
occur. 

(i) Write the relation between refractive index 
and critical angle for a given pair of optical 
media. Delhi 2013 

B The figure shows a ray of 
: light falling normally on the 

face AB of an equilateral 

glass prism having 

refractive index 3/2, placed 

in water of refractive index 

4/3. Will this ray suffer total 

internal reflection on striking the face AC? 

Justify your answer, CBSE 2018 


ONG ANSWER Type I Questions 


24. Define the following with required formula. 
(i) Apparent depth 

(ii) Lateral displacement (or shift) 
(iii) Critical angle 

35. Abeaker contains water upto height h, and 
kerosene of height h, above water surface, so 
that the total height of (water + kerosene) is 
hy + Ny. Refractive index of water is j1, and that 
of kerosene is t,. What will be the apparent 


shift in position of the bottom of the beaker as 
Viewed from above? 


6. three light rays, red (R), 6 
Breen (G) and blue (B) are B. 
Incident on aright angled G 
Prism ABC at face AB.The * 
Tefractive indices of the Bl Do 


material of the prism for 

Ted, green and blue wavelengths are 1,39, 1.44 

and 1.47, respectively. Out of the three, which 

Colour of ray will emerge out of face AC? 

ae your answer, Trace the path of these 
7 after passing through face AB. 


* Show - 
Show that fora material with refractive 


hai 22, light incident at any angle shall be 
tiene along a length perpendicular to the 
% “nt face. NCERT Exemplar 
re M™miscible liquids of densities d,>d, >d 
Tefractive indices 1, > [1,> Hg are put ina 
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5 HE 
beaker. The height of each liquid column is z 


A dot is made at a bottom of the beaker. For 
near normal vision, find the apparent depth of 
the dot. NCERT Exemplar 


Hints: The image formed by first medium acts as an 
object for second medium. 


LONG ANSWER Type II Question 


29. Explain the phenomenon of total internal 
reflection: Describe how TIR takes place in 
optical fibre. State any two uses of it. 


NUMERICAL PROBLEMS 


30. What is the ratio of the velocities of two light 
waves travelling in vacuum and having 
wavelengths 4000 A and 8000 A? 


31. What is the critical angle for a material of 
refractive index V2? 


32. Determine the lateral displacement of the ray of 
light passing through a 15 cm thick glass slab 
with opposite sides parallel, if the angle of 
incidence of the ray is 60°. Given,n = 1.5. 


33. Aray of light is incident at an angle of 45° on 
one face of a rectangular glass slab of thickness 
10 cm and refractive index 1.5. Calculate the 
lateral shift produced. 


34, What is the apparent position of ah object 
below a rectangular block of glass 6 cm thick, if 
a layer of water 4 cm thick is on the top of the 


glass? Given, ny, = 1.5 andn,.= 1.33. 


35. Aray PQ incident normally on A 
the refracting face BA is R 
refracted in the prism BAC 
made of material of refractive 
index 1.5. Complete the path of 
ray through the prism, From 
which face will the ray 
emerge? Justify your answer. 


60° 


Cc 
All India 2016 


36. Atank is filled with water to a height of 12.5 cm. 
The apparent depth of a needle lying at the 
bottom of the tank is measured by a microscope 
to be 9.4 cm, What is the refractive index of 
water? If water is replaced by a liquid of 
refractive index 1.63 upto the same height, by 
what distance would the microscope have to be 
moved to focus on the needle again? NCERT 
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37. 


L 
2 


4. 


5. 


. (c) Given, 


Acontainer is filled 
with water (j1 =1.33) 
upto a height of 33.25 i 
cm. Aconcave mirror 
is placed 15 cm above 
the water level and the 
image of an object 
placed at the bottom is 
formed 25 cm below 
the water level. What 
will be the focal length?] . 
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(d) Refraction does not change the frequency of light. 


Mirror 


250m 


L 
d 


(d) From Snell's law of refraction, 


= constant ...(i) 


Hy = 
* sinr 
Since, angle of incidence increase, the angle of 


sini), 
refraction has to increase. So, that the ratio] ——~| isa 
sinr 


constant according to Eq, (i). 
i=45° 


Incident ray Rellected ray’ 


0g = 2) 


Relracted ray 


From Snell's aw, S84 = Pe 
sin 


=> sins 2 sin yotor=sio(t)=3° 
sin r’ 2 2 


From diagram, r+ Otr' =180 
1+0 + 30° =180° (st=r) 
4540 +30" =180° 
@ =180" - 75° =105° 
Hence, the angle between reflected and refracted ray is 
105". 
(b) Refractive index of glass 
_ Speed of light in air (3x 10°) 
~~ Speed of light in glass (x) 


. 

= = 2D = 2x10" mis 
4 5 

() Given, 1, = Ts oMy => 

(c) my = gr ole = 


ath, X ely = ay 


12. From Snell's law, } 


13, Whenever rays of light travels through glass, they 


14. The refractive index of 
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6. (b) From Snell's law, 


sinC = 


= critical angle = 30° 


where, C 
¢ speed of light in medium and vacuun, 


vy, and v, ar 

respectively. 

We know thal, ¥, =3.¥ 10° m/s 
% 

3x10° 


s, sin30° 
1 
= 1,=3xX10°% 4 = v,= 15x10" m/s 


critical angle C, then reftaction 


7. (c) Ifincidence angle, 
angle, r = 90°. 


8. (b) As we know, refractive index of denser medium 


eal depth 
Apparent depth 


wart, rare medium = 


9. (6) The phenomenon involved in the reflection of 
radiowaves by ionosphere is similar to total internal 
reflection of light in air during a mirage ie., angle of 
incidence is greater than critical angle 


10. Because refractive index for a given pair of media 


depends on the ratio of wavelengths and velocity of 
light in two media but not on frequency. So, frequency 
remains constant during refraction of light. 

sini 


11. From Snell's law, 


sinr v 
= vesinr, for given value of i 

Smaller the angle of refraction, smaller the velocity of 
light in medium 

Velocity of light is minimum in medium A as the angle of 
refraction is minimum, i.e. 15°. 


sini 


= constant 


sinr 
Since, angle of incidence increases, the angle of 
refraction has to increase, so that the ratio remains 
constant, 

strike 


the glass-air interface at an angle greater than critical 


angle of glass. They are totally reflected, hence cra¢ 
Appears silvery, 


diamond is much higher 
than that of glass, Due to 
high refractive index, the 
critical angle for 
diamond-nir interface is 
low. The diamond is cut s 
suilably, so that the light 
entering the diamond from 5 

any face suffers multiple total internal reflections 


Various surface: pe 
dlmonds This gives sparkling effect to the 


opis and Optical Instruments 
i) 
i bend the light rays by 90° 7 
ce, prisms can ber Bt rays by 90° and 180° by 
p i internal reflection, so they are used in many optical 
ipsa 


@ 


(i) 
sells law of refraction fails in two situations 


;) When TIR (total internal reflection) takes place at 
angle greater than the critical angle. 


(i) When light is incident normally on a surface, as i = 0, 
© 750. 


19, For glass-water interface, applying Snell's law, 


Air 
Water 


wi) 


sinr Hl, 

For water-air interface, 
snr 1 a 1 ii’ 
— =— = sinr=— -ufii) 
sino? pt, 


From Eqs, (i) and (ii), we get 


Wi: 
: ete to the refraction of sunlight as it travels 
ie the earth’s atmosphere. Refraction of light by 
tor, es can make the sun appear flattened or 
Upward | Objects closer to the horizon are raised 
tore} most and the lower limb of the sun is raised 
OR the top making it appear oval. 
ti) Rte 12 text on pages 360 and 361. 
p, ‘0 text on page 363. 
Refer to text on page 363, 
a efer to text on page 363. 


"SVEN, retraces 
refractive index of water, jl, =4 /3 


4 


‘eftacts 
Active index of Glass prism, H, = 4 
2 
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For total internal reflection occurrence the incident 
angle must be greater than critical angle. 
+. Let us calculate critical angle C. 


As we know that, sinC = LS 
m 


where, pa Zelractive index of glass (.H,) 
a refractive index of water (,}1,,) 


or sinc = 5 =088 =C=6LE 


[As sin60? = 3/2 = 0.86] 


As the critical angle, ie, 61.6° is greater than the angle of 
incidence, ie. 60°, hence TIR will not occurs. 


24. (i) Refer to text on page 362. 


(ii) Refer to text on page 361. 
(iii) Refer to text on page 363. 


25. .. Apparent depth, d= d, + d,= (-2} +{- 2h, 


My 


hy Water un 


26. By geometry, angle of incidence (i) at face AC for all 


three rays is 45°. Light suffers total internal reflection 
for which this angle of incidence is greater than critical 
angle, 

i>i, = sini> sini, or sin 45° > sin i, 


1 1 
< 


sinds° sini, 


=> V2<p 


Total internal reflection takes place on AC for rays with 
w> 2 =1414, ie. green and blue colour suffer total 
internal reflection, whereas red undergoes refraction. * 
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27. Any ray entering at an angle i shall be guided along AC, 


if the ray makes an angle @ with the face AC greater 
than the critical angle as per the principle of total 
internal reflection, $ + r = 90°, therefore sin $ = cos r. 


= singe 3 cosr2t 
mn u 


Z L 1 |, 
orl—cos*r$1-— = sin? r$1-— 
B B 


Since, sin i =)1sin r 
1 
or isi 

uw 


or sin? isp? 
When i= 5, then we have smallest angle @ - 


If the angle @ is greater than the critical angle, then all 


other angles of incidence shall be more than the critical 


angle. 
Thus, 1sp?-1 or p?>2 
= p2v2 

This is the required result. 


28. Let the apparent depth be O, for the object seen from 


Since, apparent depth = real depth/refractive index (u). 
Since, the image formed by medium 1 acts as an object 
for medium 2.If seen from j1,, the apparent depth is O,. 


Similarly, the image formed by medium 2 acts as an 
object for medium 3, 


bs (h 
==/-+0, 
aan (? } 
=f (ha tat) Has Ba) 
we (3° 43) 3K” 
As, seen from outside, the apparent height is 


o,-+(440,) -2 4 A(te st) 
Hy \3 Bs[3 3\m, Wy 


-Wee2+2) 
3\oy He My 


This is the required expression of apparent depth. 

29. Refer to text on pages 363. 

30. Since, light travels in vacuum with a constant velocity, 
ie. 3x10°m/s, hence ratio of velocities of all 
wavelengths remains same. 


31. Weknow that, p=—— 
sinc 


32. Using lateral shift, 


.. Given, refractive index of the 
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= 


1 
ince 
conan) 


- C=4s 
3 _ tsin(i; 4) 


cosh 


Refer to Example 1 on page 362. 


Given, i, = 45°, | =10em = 01m, =15 
Lateral shift=? mee 
’ oS Sy gin, =O Se 
By Snell’s law, = iia a 
‘ (07 o sin4s’= 1/9 
sin =—— 
° ; e V2=1414 
= sinr, = 04713 
=> y =sin' (04713) => 7, = 2817 
age = £5i0 (4 Hi) «0:1 sin (45° ~ 2812") 
Lateral shift = nee Se 
i ° 0.2904 
Ol sint6se? _ 01 x 02904 _ 944, 
cos 2812° 08819 
H real depth /thickness of object 
. Here, 4, teal dep tO HMERDESS OF OUIeE 


apparent depth 


Now, due to refraction at two different boundaries, the 
apparent depth of object is 
thickness of glass, thickness of water 


apparent depth = 
Hgts Beate 
= §44 sad oh en 
6° 1S: 


material of the prism, Jt =15 
«Critical angle for the material, 
sinC=+=1 29 
HOS 


=c =ain(2) = 42°, 


From the ray diagram, it is clear 
that angle of incidence i = 30°< C. 


Therefore, the ray incident at the face AC will not sult 
‘otal internal reflection! and merges out through this 


face. 
Case When tank is filled with the water. 
Given, the apparent depth = 9.4 cm 
Height of water, t = 12.5 cm 
So, real depth = 125 em 
Refractive index of water 
y, =—Realdepth 125 
Apparent depth 94 
on When tank is filled with the liquid. 
tractive index of liquid, w) =1.63 


= 133 
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oy" 
Real depth 
agai Ht = Apparent depth 
12.5 
63 = —————_ 
a! Apparent depth 
12.5 
t depth = —=7.6 
Apparen! ep! 163 7 cm 


. The microscope is shifted by 9.4 - 7.67 = 1.73 cm. 


gf. Distance of object from mirror 
: 33.25 
= 15+ x3 = 3993 cm 


roPIC 3| 


refraction at Spherical Surfaces 


and Lenses 


REFRACTION AT 
4 SPHERICAL SURFACE 


A refracting surface which forms a part of a sphere of 
ransparent refracting, material is called a spherical 
refracting surface. 


Refraction at a spherical surface 


Ie figure, the geometry of formation of image J of an 
= O and the principal axis of a spherical surface with 
tte of curvature C and radius of curvature R. 


‘sumptions 
0 The aperture of the surface is small as compared to 
@ ie er distances involved. 
ue will be taken to be nearly equal to the length of 
aie Pendicular from the point V on the principal 


tan Vow = MN uN 
om’ tan NCM MC 
ten Na = MN - 
MI 


Fo 
"small angles, tan 0 = sin @ = 8 
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Distance of image from the mirror 


=15+ 2S x3 
4 
=3375cem 
Using mirror formula, t + de 
vu f 
3 ieee eS 
=3375 3993 f 
f =-183cm 
So, ZNOM = MN. 
OM 
ZNCM aun 
MC 
zum = 
MI 
For ANOC, i is the exterior angle. 
ie znom+cnem = Mew 
OM MC 
For ANIC, Z NCM is the exterior angle. 
ZNCM =r+ ZNIM 
or r=ZNCM -ZNIM 
MN MN 
ie. r=—--— (ii) 
Mc MI 


By Snell's law, m, sin / =n, sin r 
For small angles, mi =n)" 
Substituting the values of i and r from Eqs. (i) and 
(ii), we get 
“(yaa 
1 2 


om MC) "(MC MI 
my My _ yy b. 
—;4,2=4— vo i 
OM MI__MC fm) 


Applying new Cartesian sign conventions, 
OM=-u, Ml=+¥ 
MC=+R 
Substituting these values in Eq, (iii), we get 
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This equation holds for any curved spherical surface. 


EXAMPLE |1| Light from a point source in air falls ona 
spherical glass surface (n = 1.5 and radius of curvature 
= 20cm). The distance of the light source from the glass 
surface is 100 cm. At what position the image is formed? 
Sol Given, object distance, u = ~100cem, 
R=+20cm, n, =1,n, =1.5, image distance, v =? 


We know that, 7 ~ 7 
vow 
15,1 
= dap t eet 
v 100 20 
15_05 1 
os , . sets 
v 20 100 
225-115 
100 100 
v=+100cm 


Thus, the image is formed at a distance of 100 cm from 
the glass surface in the direction of incident light. 


Cartesian Sign Convention 
for Spherical Surfaces 
(i) The principal axis of the spherical surface is taken as 
X-axis and the optical centre as origin. Here, the 
principal axis is che diameter extended. 


(i) The direction of the incident light is taken as the 
positive direction of X-axis and opposite to it is 
taken as negative. 

(iii) The upward direction is taken as positive and the 
downward direction as negative. 


LENS 


Lens is a transparent medium bounded by two surfaces of 
which one or both surfaces are spherical 


Lenses are of two types 
(i) Convex or converging lens 
(ii) Concave or diverging lens 


Convex or Converging Lens 


A lens which is thicker at the centre and thinner at its ends 
is called convex Jens. Convex lenses are of three types as 
shown below, 


ss 
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(a) Double convex 


(b) Plano-convex (c) Concavo-conye, 
lens lens 


lens 
is is also known as converging lens because 


beam of light rays passing through it, 
ply called convex lens. 


Note A convex lens 
converges a parallel beam 
A double convex lens is sim} 


Concave or Diverging Lens 


Allens which is thinner at the centre and thicker at its end, 
is called a concave lens, Concave lenses are of three types 


as shown below. 


(a) Double concave (b) Plano-concave (c) Convexo-concave 
lens lens lens 


Note A concave lens is also known as diverging lens because i 
diverges a parallel beam of light rays passing through il. A double 
concave lens is simply called concave lens 


Converging and Diverging 
Action of Lenses 


As convex lens conveiges all the light rays, coming paralk 
fo its principal axis at a point, it is also called converging 
lens. Concave lens diverges all the light rays coming 
parallel to its principal axis. So, it is also called diverging 


lens, 


Converging lens Diverging lens 


The esnieres : 

explained bene 84 diverging action of lens can 

: y considering alens made up of large number’ 

€ pri d 
prism is towards PMs. In a convex lens, the bat 

are’ Principal axis arid in concave lens, base® 


© principal axis, 
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¢ Definitions Related to Lenses 
tical centre The optical centre is a point | in 
principal axis of the lens, ilicre vo which 
jncdent FaYS pass without any deviation in the path, 
ye. the centre point of a lens is known as its optical 
cent. 


P. all 
c 
a) 
Optical s 
centre 


gi Cente of curvature The centres of the two 
imaginary spheres of which the lens is a part, are 
called centres of curvature of the lens. A lens has nwo 
centres of curvature with respect to its two curved 
surfaces. 

fa Redii of curvature The radii of the two imaginary 
spheres of which the lens is a part are called radii of 
curvature of the lens, A lens has two radii of 
curvature. These may or may not be equal. 


| gor 
/@ 


Optical S 
centre 


{y) Principal axis The imaginary line joining the two 
centres of curvature is called principal axis of lens. 
Principal axis also passes through the optical centre. 

(i) Principal focus Lens has two principal foci. 

(2) First principal focus It is a point on the principal 
axis of lens, the rays starting from this point in 
conver lens or rays directed to this point in concave 
lens become parallel to principal axis after refraction. 


a) 


rh 


9 Second principal focus It is a point on the principal 
ais at which the rays coming parallel to the principal 
245 converge (convex lens) or passing through it 
*Ppear to diverge (concave lens) at this point after 
"ehaction from the lens. 


eh t—fp—t 


th . ‘ 
the foci of convex Jens are real, while that of 
“Ve lens are virtual. 
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(vi) Aperture ‘The effective diameter of the circular 
outline of a spherical lens is called its aperture. 

(vii) Refractive axis It is an imaginary axis at the optical 
centre perpendicular ta the principal axis which 
represents the lens. 


=} aT 
(a) Real path of ray (b) Path of ray as shown with 


reference to refractive axis 


Note When the object is at infinity, the distance of image from the 
lens will be equal to the focal length of the jens 


Image Formation in Lenses 

Using Ray Diagrams 

We can represent image formation in lenses using tay 
diagrams. For drawing ray diagrams in lenses like spherical 
mirrors, we consider any two of the following rays. 

(i) Rays which are parallel to the principal axis after 
refraction, will pass through principal focus in case 
of convex lens and will appear to be coming from 
principal focus in case of concave lens. 


(i) Rays passing through or directed to the focus will 
emerge parallel to the principal axis. 


VY 


(iii) Rays directed to optical centre will emerge out 
undeviated. 


THIN LENS FORMULA 


Ic is a relation between focal length of a lens and distances 
of object and image from optical centre of the lens, 

Let O be the optical centre and f be the principal focus of a 
convex lens of focal length OF = f. AB is an object held 
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re la, 
. oe aie ca , thin lens formu 
perpendicular to the principal axis of the lens at a distance From thin le 


beyond focal length of the lens. A real, inverted and 
magnified image A’ B’ is formed as shown in the figure. As, 
AA’B'O and AABO are similar. = 


= 
1. Object distance, 4 = -0.12m 
Refraction by a Lens : Lens Maker's 
AE OB ..i) Formula 
AB OB 
Again, A A’B‘F and ADOF are similar. 
A’BY EB 
OD OF 
But OD = AB 
ABT _ FB lil) 
AB OOF 
From Eqs. (i) and (ii), we get (i 
OB’ _ FB’ _OB'-OF g 
OB OF OF “RS / 
my 
Using new cartesian sign conventions, c fe , 
Let OB=-u, OB’=+», ®) we 
OF =+ f The above figures show the image formation by a conver 
fe. 8 f lens. 
—u" f J : F . 
= of'=-eoeuF Assumptions Made in the Derivation 
ee uo af =f Some assumptions made from the derivation are as 
Dividing both sides by uuff we get @ The lens is thin, so that distances measured from the 
rae poles of its surfaces can be taken as equal to the 
pee ea ae distance from the optical centre of the lens. 
wof wef wf ii) The aperture of the lens is small. 
This is the thin lens formula, (ili) The object considered as a point lying on the 
This formula can also be proved for concave lens and for Principal axis of the len: 
i ‘i f “ S. 
virtual images in the same way. (iv) The incident tay and refracted ray make small angles 


with the princi q 
EXAMPLE [2] A convergent beam of light passes Principal axis of the lens. 


through the diverging lens of focal length 0.2 m and comes _ Meee = ae upsef evo convex scald 
to focus 0.3 m behind the lens. Find the Position of the " — 
point at which the beam would converge in the absence of Wi) The firs refracting surface forms image /\ vof oi 


the lens. o object O [Fig. ( |. 

Sok Given, focal length, f = 0.2m (ii) Image J, acts as virtual object for the second surf 
Image distance, vy = 0.3m that forms the image at J (Fi (c)] 
Object distance, w=? Applying the Belle: 


equati. ‘ ‘i he 
‘ation for spherical refracting surface" 


rst interface ABC, we get 
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po 
my Me Ma my 
0B’ Bl, BC, of) 


gil! procedure applied to the second interface ADC, 


ae mm _ Mm 
DI, DI De, 
atin [ens BI, = DI, 
a Eqs (i and (ii), we get 
ad mm 
Lei, - 


+= 
OB DI 


sii) 


mya) 
36, "be, ) “9 

angst the object is at infinity, ie. 

“a OB and DI + f 

5 Ba: (ii) can be written as, 


t=(n,-m) faa (iv) 
f BC, .DC, : 


The point where image of an object placed at infinity is 
med is called the focus (f) of the lens and the distance f 
grsitsfocal length. Alens has two foci, F and F’ on either 
ide of it by sign convention. 

BC, =R, 
« DC, =-R, 
Therefore, Eq. (iv) can be written as 


4 () is known as the lens Maker's formula, 
Tung "2 afd ‘ F 
am refractive index of material of lens w.r.t. its 
H 


“rundings, we get 


my ys, (iii) and (iv), we get 
am mh 
‘ OB’ DI f 
‘nd Dboth are close to the optical centre of the lens, 
OB =-1u, DI =+ v, we get 


wv) 


(vii) 


h (i) 


“the thin Jens formula. 
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Hae lens maker's formula, it is clear thar focal length of 
lens depends upon radii of curvature of lens and refractive 
index of material of lens w.r.t. its surroundings. 


EXAMPLE |3| The radii of curvature of the surfaces of a 
double convex lens are 20 cm and 40 cm, respectively and 
its focal length is 20 cm. What is refractive index of the 
material of the lens? 


Sol. Given, R, = 20cm, R,.= 40cm, f = 20cm, n=? 
Weknow ta, =(0-n{ 2-2) 
f R, 
bf da(n-i(ie4| 
\20 40 
= 24 ee 
40) 2 
> =>3n=5 = ee 
3 


Hence, the refractive index of the material of the lens 

is 5/3. 
Dependence of Focal Length on Refractive Index 
Refractive index of material of lens depends upon the 
medium in which it is kept. Generally, the lens is placed in 
air, so in the above formula, » is the refractive index of 
material of lens with respect to air. If lens is placed in 2 
medium other than air, then due to change in refractive 
index (x), focal length of the lens changes. If lens is 
immersed in a liquid whose refractive index with respect to 
air is less than the refractive index of material of lens with 
respect to air, then focal length of the lens increases. 


If lens is immersed in a liquid whose refractive index 


» with respect to air is more than the refractive index of 


material of the lens with respect to air, then focal lengch 
will become negative, That means, the nature of lens will 
change in such a medium, convex lens wi | behave like 
concave lens and concave lens will behave like 
convex lens. 
If lens is immersed ina liquid whose refractive index with 
respect to air is equal to the refractive index of material of 
lens with respect to air, then focal length of the lens will 
become infinite and it will behave like plane glass sheer. 
Also, in such medium, lens will become invisible. 
Dependence of Focal Length.on the Radii of Curvature 
From lens maker's formula, it is clear that the focal length 
ofa lens of large radii of curvature is large an that of a lens 
of small radii of curvature is small. In simple words, the 
focal length of thin lens is large and that of thick lens is 
small, For plano-convex or plano-concave lens, R, = Rand 
R, = 0 (for plane surface). 
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Linear Magnification 
Produced by a Lens (7) 


Linear magnification of a lens is defined as, the ratio of the 
height of the image formed by the lens to height of the 
object. 

Height of image(/) 


Lin ification (mn) =$ eo 
ear magnification (rm) =F eof abject (O) 


For Convex Lens 
When image is real, 7 
‘When image is real, it is inverted and forms on the other 
side of object. 
Sirsa tease ois ate” 

en image is virtual, m= =" 
‘When image is virtual, ir is erect and forms on the same side 
of object. Thus, it can be said that convex lens gives positive 
linear magnification for virtual image and negative linear 
magnification for real image. 


For Concave Lens 


Concave lens always forms virtual image, so linear 
= v 
magnification of concave lens, m == =—. 
O « 


Concave lens always gives positive linear magnification. 
Other formulae for linear magnification are 


EXAMPLE [4| The focal length of a thin biconvex lens 
is 20 cm. When an object is moved from a distance of 
25 cm in front of it to 50 cm, the magnification of its 


image changes from m , to Msp. Find the ratio of Tes 
Mso 
f 


Sol. Since, magnification, m= —-— 
aj " Stu 


= 
Similarly, 
Therefor, Tit = -o(=) =6 
Power of a Lens 


The ability ofa lens to converge or diverge the rays of light 
incident on it is called che power of the lens. 
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IN — 
V 


5 defined as the tangent of the angle, 


Power of a lens is deft : 
which it converges or diverges 2 beam of light falling ar ung 


distance from the optical centre. 


According to the figure. 


'— 


tanS=—, if =], then 
1 
ran 6 =— 
f 
For small values of 6, tan 6 = e 
$=— 
f 


Thus, power of a lens, P= ra 


The SI unit of power of lens is dioptre (D). The power of 2 
lens is measured as the reciprocal of its focal lengh 


(in metre). 
1 


P= 
f (inm) 
If f =1m, then P=1m7! = Idioptre (D) 


According to the lens Maker's formula for a lens, 


We have, 


Here, R, and R, are to be measured in metre. 


tp converging (convex) lens, power is positive and fot 
iverging (concave) lens, power is negative. 


AMPLE |5| If the radii of curvature of the faces of8 
ouble convex lens are 9 cm and 15 cm, respectively ad 
the refractive index of glass is 1.5, then determine the 
focal length and the power of the lens. 


Sol. Given, radii of curvature, R, =9cm, R, =-15cm, 


refractive index, jt = 1.5, f 


i‘ : 2,P=? 
ecording to lens Maker's formula, 


optics and Optical Instruments 


py 

1 11 : 
ze os(2 + *)- (05) es 

ail f 915 5 
1 8 

rr FM Gg FPP attasem 

1 1 10000 

Pia ne! 

‘ er, > =—— = 8 

a Pow f masxig? trap 88 


mbination of Thin 
jenses in Contact 
cansider 0 lenses A and B of focal lengths f, and f, placed 
vy contact with cach other. An object is placed at a point O 
in ‘ond the focus of the first lens A. The first lens produces an 
| ee at Jy (virtual image), which serves as a virtual object for 
| geseeond lens B, producing the final image at /. 


| since, the lenses are thin, we assume the optical centres (P) 
| afthe lenses to be co-incident. 

| forthe image formed by the first lens A, we obtain 

1 1.1 


ie a. ra -(i) 
For the image formed by the second lens B, we get 
odd fii) 
von fy 
Adting Eqs. (i) and (ii), we get 
ara wi 


ike two lens system is regarded as equivalent to a single 
of focal length f. We have, 


Sofe5 w(iv) 


3 vu f 
"om Egg, (iii) and (iv), we get 


valy) 


Wane) a, 
ie ery of focal lengths f, fa» fares» the 


a (vi) 
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In terms of power, Eq. (vi) can be written as 


PHP +P, +h t... 


EXAMPLE |6| Two thin lenses are in contact and the 
focal length of the combination is 80cm. If the focal 
length of one lens is 20 cm, then what would be the power 
of the another lens? 


Sol. Given, combined focal length, F = 80cm, 


100 100 
> =—=—=5 
fh 20 
R+P,=P 
P,=P-P, 
=1.25-5=-3.75D 


We know that, 


Magnification by Combination of Lenses 
Suitable combination of lenses helps to obtain diverging or 
converging lens of desired magnification, It also enhances 
sharpness of the image. Since, the image formed by the first 
lens becomes the object for second lens and so on. So, the 
magnification of combination (ym) is the product of 
magnification (7m, ,722,73) of individual lenses. 
Magnification of combination of lenses, 
m=m,Xm,Xm;%X... 
(i) If combination of lenses consists of one convex lens 
(f,) and one concave lens (— f;), then 
for combination of lenses, 
11 1 see 


fA wh hob 


(ii) If f, > fy» then f is negative, ie. combination will 
behave like concave lens, when focal length of convex 
lens is larger. If f, < fy, then fis positive, ie. 
combination will behave like convex lens, when focal 
length of convex lens is smaller, If f, = fy, then fis 
infinite, i.e, combination will behave like plane glass 
sheet, 

If the lenses are placed d distance apart, then 
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OBJECTIVE Type Questions 


1. 


For the refraction shown below the correct 
relation is, 


nz My _f2—2 n,m, _M,7” 
( M2—Ma Rao" gy rte e Pers 
) vow R vou R 

ny Mz _M,—2 My My _ MyM 
cy) "2-72 = @ -t1- 
© ¥ u R ) v u R 


Light from a point source in air falls ona 
spherical glass surface (n = 1.5and radius of 
curvature = 20 cm). The distance of the light 
source from the glass surface is 100 cm. Image 
distance from the glass surface is 

(a) 20cm (b) 50cm 

(c) 100 cm (d) 75cm 


First and second focal lengths of spherical 
surface of n refractive index are f, and f; 
respectively. The relation between them, is 
Oh=hOh=-hoOheh Of=-h 
Amagician during a show makes a glass lens 
withn = 1.47 disappear in a trough of liquid. 
Refractive index of the liquid is 


4 12 
(b) 1.33 (c) 5 (d) a 


(a) 1.47 

Which of the following is true for rays ity 

coming from infinity? (c 

(a) Two images are formed He 

(b) Continuous image is formed between focal points 
of upper and Jower lens 

(c) One image is formed 

(d) None of the above 

Two thin lenses are in contact and that 

combination has 15 cm focal length. If one lens 

has focal length 30 cm, then what is the second 

Jens focal length? 

(a) 15cm 

(c) 20cm 


(b) 25 cm 
(d) 30 cm 
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7. The radius of curvature of the curved surface of 
a plano-convex lens is 20 cm. If the refractive 


index of the material of the lens be 1.5, it will 
NCERT Exempla, 


(a) act as a convex lens only for the objects that lie on 


its curved side 
(0) act asa concave lens for the objects that lie on itg 


curved side 

(c) act as a convex lens irrespective of the side on 
which the object lies 

(@) act as a concave lens irrespective of side on which 


the object lies 
8. Two lenses are in contact having focal length 
25cm and - 40 cm. Find power of this 
combination. 
{a) -667D (b)- 25D (c) +15D 


9. Two lenses are in contact having powers of 5D 
and—3D. The focal length of this combination 


(d)+4D 


will be 
(a) 50cm (b)75em —(c)25em —(d) + 20em 


VERY SHORT ANSWER Type Questions 


10. Abcam of light is converging towards a certain 


point. A parallel sided glass plate is introduced 
in the path of the converging beam. How will 
the point of convergence be shifted? 


{1. What type of lens is an air bubble inside water? 


12. Aconcave lens of refractive index 1.5 is 


immersed in a medium of refractive index 1.65. 
What is the nature of the lens? All India 2015 


13. Abiconvex lens made of a transparent material 


of refractive index 1.25 is immersed in water of 
refractive index 1.33. Will the lens behave as 4 


converging or a diverging lens? Give reason. 
All India 2014 


14. Under what condition, does a biconvex lens of 


glass having a certain refractive index act as 4 


plane glass sheet when immersed in a liquid? 
Delhi 2012 


15, Aglass lens is immersed in water. How is power 


of the lens affected? 


SHORT ANSWER Type Questions 
16, The lens shown in the given figure is made of 


two different materials. A point object is placed 
on the principal axis of this lens. How many 
images will be obtained? 


v0 


{i 


. Jens by putting an object pin at 


ates and Optical Instruments 


snow analytically from the len 
iyhen the object is at the pring; 
image is formed at infinity, 


s equation that 
ipal focus, the 


student measures the focal length of a convex 


a distance w 
from the lens and measuring the distance v of 
the image pin. What will be the 8raph drawn 
between u and v? 


, Amagician during a show makes a glass lens 


n=147 disappear in a trough of liquid. What is 
the refractive index of the liquid? Could the 
liquid be water? 


JONG ANSWER Type I Questions 


10. 


2. 


An equiconvex lens of focal length f is cut into 


two equal halves in thickness. What is the focal 
length of each half ? 


Define power of a lens. Write its units. Deduce 
Neen, ame) ngs " 
the relation — =— + — for two thin lenses kept 
1 2 


in contact coaxially. Foreign 2012 


Asymmetric biconvex lens of 
radius of curvature R and 
made of glass of refractive 
index 1.5, is placed on a layer 
of liquid placed on the top of 
aplane mirror as shown in 
the figure. An optical needle 
with its tip on the principal 
axis of the lens is moved along the axis until its 
Teal, inverted image coincides with the needle 
itself. The distance of the needle from the lens 
ismeasured to be x. On removing the liquid 
layer and repeating the experiment, the 

distance is found to be y. Obtain the expression 
for the refractive index of the liquid in terms of 
Xand y, CBSE 2018 


The objective of an astronomical telescope has a 
ameter of 150 mm and a focal length of 4 m. 
© eyepiece has a focal length of 25 mm. 
Culate the magnifying and resolving power of 
telescope (4 =6000 A for yellow colour). 
Delhi 2011 


lg 
We ANSWER Type II Questions 


Figure sho 
Centre o 
Of 


Ws a convex spherical surface with 2 

f curvature C, separating the two media 
Teftactive indices n, and ny.Draw a ray 

“gram showing the formation of the image of a 


25. 
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point object O lying on the principal axis. Derive 
the relationship between the object and image 
distance in terms of refractive indices of the 


media and the radius of curvature R on the 
surface, 


All India 2014 


(i) A point object Ois kept in a medium of 
refractive index n, in front of a convex 
spherical surface of radius of curvature R 
which separates the second medium of 
refractive index n, from the first one, as 
shown in the figure. 


Draw the ray diagram showing the image 
formation and deduce the relationship 
between the object distance and the image 
distance in terms of n,,n, and R. 


(ii) When the image formed above acts as a 
virtual object for a concave spherical 
surface separating the medium n, from 
n(n, >n,), draw this ray diagram and write 
the similar [similar to (i)| relation. Hence 
obtain the expression for the lens Maker's 
formula. All India 2015 


NUMERICAL PROBLEMS 


26. Aconverging lens of refractive index LS is kept 


27. 


28. 


29. 


30. 


in a liquid medium having the same refractive 
index, What would be the focal length of lens in 
the medium? 


The radii of curvature of the faces of a double 
convex lens are 10 cm and 15 cm. If focal length 
of the lens is 12 cm, find the refractive index of 
the material of the lens, Delhi 2010 


Find the radius of curvature of the convex 
surface of a plano-convex lens, whose focal 
length is 0.3 m and the refractive index of the 
material of the lens is 1.5. Delhi 2010 


Abiconvex lens has a focal length 2/3 times the 
radius of curvature of either surface. Calculate 
the refractive index of lens material. Delhi2010 


What is the focal length of a convex lens of 
focal length 30 cm in contact with a concave 
lens of focal length 20 cm? Is the system a 
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converging or a diverging lens? Ignore 4, (a) The refractive index of the liquid must be equal to 


thickness of the lenses. NCERT 


the numerical value of both focal length is equal, hence 


fr=-f- 


1,47 in order to make the lens disappear. This means 
ni, = ny, This give V/f =O or f <>. 


31. () Monochromatic light of wavelength 589 nm 5. (a) Since, lens is made of two layers of different 
is incident from air on a water surface. If 1 refractive indices, for a given wavelength of light it wily 
for water is 1.33, find the wavelength, have two different focal fengtls or will have two images 
frequency and speed of the refracted light. at two different points as — «(11 -1) (from Lens 

(ii) A double convex lens is made of a glass of f 
refractive index 1.55 with both faces of the maker's formula). 
same radius of curvature. Find the radius of G. (d) Given, F = 15cm, f, =30cm 
curvature required, if the focal length is 11.4 
20cm. All India 2017 We know that, — = — + — 
Foh fe 
32. Double convex lenses are to be it 
manufactured from a glass of = 30° fy 
refractive index 1.55, with both faces Ry dR 1 2-1 
of the same radius of curvature. What === 
is the radius of curvature required, if a, AB a0" 20 
the focal length is to be 20 cm? = f.=30cm 
NCERT 7. (c) Here, R = 20cm, jt = 15, on substituting the values in 
33. The image obtained with a convex lens is erect ere Ro 20 = gy uaa ahcoavelelag amined ER. 
and its length is four times the length of the Mr-1 15-1 
object. If the focal length of the lens is 20 cm, Therefore, lens act as a convex lens irrespective of the 
calculate the object and image distances. side on which the object lies. 
All India 2010 
34. You are given three lenses L, ,L, and L, each of 8. (c) Given, f, = 25m, f, = —40cem 
focal length 10 cm. An object is kept at 15 cm in gee can 
front of L,, as shown in figure. The final real fi 
image is formed at the focus of L,. Find the dp, = 100 _ 100 
separation between L,,L,andL,. All India 2012 am i ap 
n n a Re P=R+P,=4+(-25)D=+15D 
| 9. (a) Given, 2 = 5D, P, =-3D 
isem4 H i! P= +P, =5+(-3)=2D 
10cm 
| HINTS AND SOLUTIONS | 100 
{em = 50cm 
1. (a) As refraction formula for curved surface is : 
yh mn 10. Here, shift is given as Ax =(1~2)p 
vow R mn 
2. ()Here,u =~ 100cm,¥=?, R= 4+ 20 cm,n, =1 
and ny = 1.5 . 
As, refraction formula for curved surface, we have 
13. 1 08 
te _ 
v 100. 2g > %~+100em 
The image is formed at a distance of 100 em fro a 
glass surface, inthe direction of incident light, a" 
. (b) When medium is equal on both sides of lens, then = 


whi i 
ich takes place in the direction of ray. 


ir 
opti and Optical Instiments 
gi 


js clearly visible that air bubble acts asa diverging 
yf (concave lens) in water, 


* Jens 
= 
Water 


wa concave lens behaves asa diverging lens, when it is 
aced in @ medium of refractive index less than the 
ctive index of the material of the ‘ens and behaves 

| asa converging lens, when it is placed in a medium of 

refractive index greater than the refractive index of the 
material of the lens. 

Inthe given case, concave lens is immersed in a medium 
paving refractive index greater than the refractive index 
of the ‘material of the lens (1.65 > 1.5). Therefore, it will 
behave a5 a converging lens. 

43, When alens is placed in a liquid, where refractive index 
jsmore than that of the material of lens, then the nature 
of the lens changes. So, when a biconvex lens of 
refractive index 1.25 is immersed in water (refractive 
index 1.33), ie. in the liquid of higher refractive index, 
its nature will change. So, biconvex lens will act as 
converging or diverging lens. 

44. When refractive index of lens is equal to the refractive 
index of liquid, it will behave like plane glass sheet. 

1B. Welnow that, = waltz | 

£ RR 


For glass n, =15, for air, n, =1, for water n =133 


1. & =r | eee 
fF. (133, UR. 
So, focal length becomes 4 times, hence power becomes 


1 
het the initial value, 


16, Since, refractive index of each material is different, so 
the lens will have two different focal lengths, one for 
each material. Hence, two images will formed. 

. Given,u =~ f 


* Comet answer is 1, 


19. 


20. 


21. 


22. 
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If ft, =p, then f =~ 

Hence, the lens in the fiquid acts like plane sheet, 
when refractive index of the lens and the surrounding 
tedium is the same. Therefore, pf, =}. = 147. 

Hence, the liquid medium is not water. refractive index 
for water = 1.33. 


Focal length can be given as Focal length =f 
1 1 J 
==(p-1}—- x h 
f RoR | 


| 
where, juis the refractive index of the | \ 


Jens medium. R, and R, are radii of 
curvature. 

Equiconvex lens have the same 
radius of curvature, 


ie RHR, 
Z-u-0/ 
f= 2f 


Hence, focal length of each half becomes twice of the 
original value. 
Refer to text on pages 374 and 375. 
First measurement gives the focal length ( f., = =) 
combination of the convex lens and the plano-convex 
liquid lens. Second measurement gives the focal length 
(f; = y)of the convex lens. 

Focal length ( f,) of plano-convex lens is given by 


i) 
y-x 
For equiconvex glass lens using Lens Maker's formula, 


we get 

1 1 1 

—=(n, -1)| —-— 

1 s Le | 

1 f2 

==(15-1 2) 

( Ne 

(As R, = Rand R, =~ A) 

=> 


Now, we apply Lens Maker's formula for plano-convex 
lens. 

Here R, = Rand R, = 0» and let n; = refractive index of 
liquid 
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1 ae! 
a =(a-0(2 ) 
Sa Ro 
1 1 
= 4 =n, -0{4 
= ee ree 
a xy 
) 
=14 25% -2 
x x 


23. The diameter of objective of the telescope 
= 150x 10° m, f, =4m 


f, =25x 10° mand D =0.25 m 


‘Magnifying power, m= — aC + ral 


eee! (4 1) 
25x10™ 25x10 


1.224 _1.22x6x107 


d9=—"= 
Now D 0.25 
= 2.9x10 © rad 
1 1 
--Resolving power = —— = 
olving Power = 5 Fox10* 
= 0.34 x10° 


24. Refer to text on pages 369 and 370. 
25. Leta spherical surface separate a rarer medium of 
refractive index n, from the second medium of refractive 
index n,. Let C be the centre of curvature and R= MC be 
the radius of the surface. 
Consider a point object O lying on the principal axis of 
the surface, Let a ray starting from O incident normally 
on the surface along OM and pass straight. Let another 
ray of light incident on NM along ON and refract along 
NI. From M, draw MN perpendicular to OI. 
The above figure shows the geometry of the formation 
of image J of an object O and the principal axis of a 
spherical surface with centre of curvature C and radius 
of curvature R. 
Here, we have to make following assumptions, 
(i) the aperture of the surface is small as compared to the 
other distance involved. 
(Gi) NM will be taken as nearly equal to the length of the 
perpendicular from the point N on the principal axis, 


tan ZNOM = YN, tan ZNCM = 
OM 


tan. 2NIM = MN 


For ANOC, is the exterior angle. 
Zi = ZNOM + ZNCM 


MN , MN 
For smallangles, §= 7 +7 ~ wai) 


Similarly, r= ZNCM ~ ZNIM 
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th 


Ome 
= "“"NG NT i 


By Snell's law, we get 
n, sini = n,sinr 


For small angles, ni = "ar 
Put the values of i and r from Eqs. (i) and (i), y, 


Ma, MY a ayy 8 


"om ~ MC MC MI. 
n= % 
MC ii) 
Applying new cartesian sign conventions, we get 
M u, MI =+v 


li) 


Now, the image I’ acts as a virtual object for the 
second surface that will form a real at J. As, 
refraction takes place from denser to rarer medium, 


a) 


Aree i a My 
Fon - 3-3) “My =e 
26. When lens is immersed in a liquid, then 
1 ZX 
Zu, 2-2) 
fi y. R R 
where, “y, = refractive index of lens material (gl) 
wart. liquid, 
Pe tL 
mos 
Hence, + = -f V4 =o 
5 —-—|=0 => f,= 
fi , fi 


27. Given, R = + 100m, R, = -15¢m, f = +12em7! 
Applying lens Maker's formula, 


2 
Sa¢yit 4k 
re “lz al 
= Le ee ae | 3 
ig o(5+2)-0-05% 


G-y=t s pod 
2 


optios and Optical Instruments 


py 
por plano-convex lens, R, = os 
8 R,=-R f =03 m=30 cm 
pais 


Radius of curvature of plano-convex lens, R=? 


lying lens Maker's formula, + (u=1) (2 -4) 


App F ‘o 
2 t=q-1 (é sf 5) 
E Bast cp sists! 
4g. Given, HERR =+RR=-R 
Using lens Maker's formula, 


1 (y-yf{ 2-1 
ad olf 4 


30, Given, focal length of convex lens, f, = 30cm 


Focal length of concave lens, f, = - 20cm 
Using the formula of combination of lenses, 
Ere Oe i eee 
f f, fx: 30 2 60 60 
= f =- 60cm 
Since, the focal length of combination is negative in 
nature. So, the combination behaves like a diverging 
lens, ie.as a concave lens. 
4L () In refraction, frequency remains same, so 


Fretted beam = Fincdent beam 


Also, p,, = t= S42 p y= fa) 
v, fhe Ay 
é 
sy, 2 3X10 _ 995 x 108 ms 
133 
589 _ 449.85 = 443 nm 
Hy 133 


So, wavelength of reflected beam ~ 443 nm and its 
e Speed = 2.25 x10° ms 
i) For a biconvex lens, using lens Maker's formula, 
1 
+=(u-1) (z zal 
fT 
Bere, f = 20cm, p =155 
"i R=+Rand R,=-R 
¢ have, ae = 2 
7 a-e 
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=> R= 2(w=1)f = 2% (155-1) x 20= 22cm 
+. Radius of 22 cm is required. 
32. . Given, the refractive index of, Glass with respect to air, 
“Uy =1.55 
For double convex lenses, R, = R, R, =—R 
[. both faces have same radius of curvature] 


[for double convex lens, one radius is taken as positive 
and other negative) 


Focal length of lens, f = + 20cm 
Using the lens Maker's formula, 


=> 


Thus, the required radius of curvature is 22 cm. 


33. As magnification, m'= 


= 
Using lens forsaula,2.=2-2=_1_-_1 
Fov iu (-4u) (-w) 
Ss a. stat eS 
f.4uu 2% 4 4 
= eee aa § om 
4 
—) v=4u=15x 4= 60cm 


Distance of the object, « =15 cm 

Distance of the image, v =60 cm 

‘The image is on the same side of the object. 
4.2.1 
34. For lens L,, —=—-~- 
fovu 

Given, u =-15cm, f = +10cm,v =? 
11,1 > ie SE eee | 
> 


SS s-t¢- 3-5-3 ES 


10 v 15 v 10 15 v 30 
Distance of image from lens L,, v = 30cm 
1 1 1 
ForlensL;, —7=—7-—= 
fe wow 
Distance of image from lens L,, v’’ = 10cm 
ce eee 1 
- = 


a a 


u 

The refracted rays from lens L, becomes parallel to 
principal axis. It is possible only when image formed by 
1, lies at first focus of L,, i.e. at a distance of 10cm 


from L,. 
:. Separation between L, and L, =30+10=40cm 


The distance between L, and L, may take any value. 


=0 > uz 


|TOPIC 4| 


Prism and Optical Instruments 


A prism is a portion of a transparent medium bounded by 
two plane faces inclined to each other ara suitable angle. 
In the given figure, ABQP and ACRP are the two refracting 
faces and ZA is called angle of prism. 

Pp 


Qa RF 


for 


8 
REFRACTION OF LIGHT 
THROUGH A PRISM 
‘The figure below shows the passage of light through 2 
triangular prism ABC. 


A 
D 


The angles of incidence and refraction at first face AB are é 
andr. 

The angle of incidence at the second face AC is r, and the 
angle of emergence is ¢. 

“The angle between the emergent ray RS and incident ray 
PQ is called angle of deviation (8). 


Here, ZPQN =i, ZSRK =e 
ZRQO=7,, ZQRO=1r, 
ZKTS=8, £TQO=i 

and ZTQR=i-1, 

or ZTRQ=0-17, 


In ATQR, the side QT has been produced outwards, 
Therefore, the exterior angle 8 should be equal ro the sum 
of the interior opposite angles. 


ie. 5=Z7QR+ZTRQ 
=(-7)+-r) 

=> 5=(F+e)—(, +r) «..(i) 

In AQRO, 


1, +r + ZROQ = 180° i) 


From quadrilateral AROQ, we have the sum of ange 
ZAQO+ £ARO = 180°. ie 
This means thar the sum of the remaining two angles 


hould be 180°. 
ial ZLA+ ZROQ = 180 snl 


ie. [2 Ais called the angle of prisny 
From Eqs. (ii) and (ii), we get 

+n =A er 

« from Eq. (iv) in Eq. (i), we obtain 


Substituting the valu 
S=(it+e)-A 
If pt is the refractive index of material of the prism, then 
according to Snell's law, 

_ sing, 


sin, 


When angles are small, sin i 4, and sin 7, ~ 7) 


wat =i=w, here, i, =i] 
1 
Similarly, n= orp=—- (vi =4] 
ny n 
> ear, 
b=it+e-A 
=H thr, — A=W +y)-A 

Bur ntn=A : 

‘ S=pA-A 


or 6=(U-1A 
This is the angle through which a ray deviates on passing 
through a thin prism of small refracting angle A. 


EXAMELE [1] A thin prism of 5° angle gives a deviation 
of 3.2°. What is the value of refractive index of the 
material of the prism? 


Sol. Given, A=5°,8=3.7,y=? 
We know that, 8 = A(\-1) 


6 32 
+ H=l+—s142% 2 = 
A + 5 140.64 = 1.64 


Prism Formula 


If the angle of incidence is increased gradually, then the 


angle iat 
6, i of deviation firse decreases, attains a minimum value 
'm) and then again stai 


Its increasing. 


Angle of deviation 


r 
Angle of incidence 


| aon angle of deviation esr the prism is said to 
4 inimum deviation position. There i 
| din the minim jation position. There is only 
| rel of incidence for which the angle of deviation is 
‘ 
| iain 
| hen 


§=6,,[prism in minimum deviation position] 
esi and = li) 
tinea 


(ae: 
a ortreA array 


Also, we have : 
( Atb=ite 


g5=5, and¢ =/ in Eq, (ii), we get 
A+6,, =tti 
“a a 


ea(ii) 


Puttin 


= 


? 2 


sint 
hese 


sinr 


From Snell's law, 


This elation is called a prism formula. 
Forthin prisms (i.e. A is very small), the value of 6, is also 
| “ysmall, 


_ (At, 

&, an 2 1 At5, 
a ma ALD 
6, =U -DA 

K 


iyan PLE (|2| A ray. of light suffers ninimum 
Bey 5 While passing through a prism of refractive 
tg in and refracting angle 60°. Calculate the angle of 
Uiey, 4 angle of incidence. 
fy ot (0-75)= 48.67) 

Wen, tefractive index, pt =1.5 


An; : 
Ble of prism, A = 60°, angle of deviation, 6,=? 


* property of 
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Angle of incidence, | =? 


sin Aes) 
We know that, jt = aE 
; ( 4) 
sin] — 
. (60+ “| 
sin) m 
3 ge 
; (¢ 
sin} —— 
2 
= — 1,5sin30°=sin| os.) 
2 
=> 1.5% 0.5 =sin a 
2 
= te sin H(0.75) 
> #8 = 48.6" 


8, = 48.6 X 2-60 = 372 
Also, the angle of incidence, 
i: (A+5,) 
2 
6 + 37E 
2 


OPTICAL INSTRUMENTS 


Using the reflecting and refracting properties of mirrors, 
lenses and prisms, many optical instruments have been 
designed like microscopes and telescopes. Our eye is a 
natural optical device. 


The Eye 

The structure and working of eye were already learnt in 
your younger classes. The eye lens is a convex lens whose 
focal length can be modified by the ciliary muscles. This 
eye is called accommodation. The image is 
formed on a film of nerve fibres called retina. 

The closest distance for which the lens can form image is 
called the near point and its value is 25 em for a normal eye. 
The far point of a normal eye is infinity. It is the farthest 
point upto which the eye can see clearly. 


48.8 


Simple Microscope 

Microscope is an optical instrument which forms large 
image of close and minute objects. A simple microscope is a 
converging lens of small focal length. When an object is ata 
distance less than the focal length of the lens, the image 
obtained is virtual, erect and magnified. 

‘When the object is at a distance equal to the focal length 
of the lens, the image is formed at infinity. 
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Case] When the image is formed at the near point 
re 


Case I] 


——— 
The angular magnification or magni 
simple microscope is defined as the ratio of the angle 
B subtended at the eye by image at the near point and 
the angle a. subtended ar the unaided eye by the 
object at the near point. 


c. Magnifying power, m=2 i) 
a 
InAA’BC, wan p=A 2 
D 
mAA"B"C, tang = 4B = AB 
DD 


Since, the angles are small, then 
tan =a and ranBp=p 


oAP ed ws? 
D 
From Eq, (i), we have 
LAB, DAB 
D AB AB 


This gives the linear magnification produced by the 
lens. 


Ic can be proved that, 42 
AB 


We know thar, 


Multiplying both sides by v, we have * -2 = 2 
vou f 


v 
> l-m=— > m=l-2% 


[1 =—D because image is formed at near point) 
In this case, the eye is placed behind the lens ata 
distance a, then 


‘When the image is formed at infinity 


ie. p=oo 
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AB AB 
In this case, B = wa and @ = = 


EXAMPLE |3] A convex lens of focal length 5 om 
is used as a simple microscope. What will be the 
magnifying power when the image is formed at the 
least distance of distinct vision? 
Sol. Given, focal length, f = 5 cm 
Least distance of distinct vision, D = 25 cm 
apt elie 2). 143 
Magnification, m -( ; -( +B)n0 


Compound Microscope 

A compound microscope consists of two conver 
lenses coaxially separated by some distance. The lens 
nearer to the object is called the objective. The lens 
through which the final image is viewed is called the 
eyepiece. 


Working 

The objective of compound microscope forms the 
real, inverted and magnified image of the object. This 
image serves as the object for the second lens, it. 
eyepiece which produces the final image, which is 
enlarged and virtual. 

The first inverted image is thus near the focal plane of 
the eyepiece, at a distance appropriate for final image 
formation at infinity or a little closer for image 
formation at the near point. The final image is 
inverted with respect to the original object. 


Objective lens 


Eye lens 


Bee 7 eenification or magnifying power of # 
angle B eubentoseoPe is defined as the ratio of 
‘ubtended by the final image at the eye (© the 


sorts and Optical Instruments 
i 


brended by the object seen directly, wh 
io ras distance of distinct vision, pene oii 


an B 
f ngult magnification, m = @ 


Jes are small, then 


goa the a8 O& = tanQ or B=tanB 
~ anB 
mand wall) 


fon right angled AC’ QB”, we have 
B’Q B’Q ABM 

tan B= COQ a eT; 
m right angled AC‘A"Q, we have 


A'Q_ AB 
geet [ A’Q= AB) 


Ao fro 


Gobsituting the values of tangand tanBin Eq. (i), we 
have 


B’Q. D _B’Q 
m=—X—-=—— 
DAB. AB 
BYQ. AB 
a m=— X—— 
A'B’ AB 


Thus, the magnification produced by the compound 
nicoscope is the product of the magnification produced by 
the eyepiece and objective. 


wii) 


where, m, and m, are the magnifying powers of the 

tpiece and objective, respectively. 

The linear magnification of the real inverted image 
nper 


m=m,Xm, 


Produced by the eyepiece i : 

y eyepiece Is AB’ 

Cae] When the final image is formed at near point 
Linear magnification is given by 

nm, =142 wil) 


. 
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| oe oe | 
We know that, —-— =— 
¢ know thal , Pa rn 


Multiplying both sides by v,, we have 
Y% 


Yo 2, 


Case Il When the final image is at infinity 
If u, is the distance of the object from the 
objective and v, is the distance of the image 
from the objective, then the magnifying power 


of the objective is m, =e 


ue 


When the final image is at infinity, then 
angular magnification is given by 


The total magnification when image is at 
infinity is given by 


vy, D 
m=m, Xm, =| 2X 
1, f, 


If the object is very close to the principal focus 
of the objective and the image formed by the 
objective is very close to the eyepiece, then 
_-L D 
ff 
where, L = length of the tube of microscope 


In this case, the microscope is said to be in 
normal adjustment. 


EXAMPLE |4| A compound microscope hasan objective 
of focal length 1 cm and an eyepiece of focal length 2.5em. 
An object has to be placed at a distance of 1.2 cm away 
from the objective for the normal adjustment. Determine 


ving fr is focal length of the eyepiece 
7 is the linear magnification of the object 


Produced by the objective. 


m, viv) the angular magnification and length of microscope tube, 
Bas Sol. Given, focal length of objective, f,=1.cm 
Tom Eqs. (i), (ili) and (iv), we have Focal length of eyepiece, f, = 25cm 
in ae 42 aly) Object eres = aes 


° e “ 
%» % fe 


=> 


sins y, 
‘s Angular magnification, m = —* 


i ( 7 a 


= mm =f (13 )-s 
Fra 25. 


.. Length of microscope tube, 
L=v, + f, = (6+ 25)= 85cm 


Astronomical (Refracting) Telescope 
An astronomical telescope is an optical instrument which is 
used for observing distinct images of heavenly bodies like 
stars, planets, etc., when the final image is formed at 
infinity. 

Astronomical telescope has two convex lenses coaxially 
separated by some distance. The lens towards the object is 
called objective and has much larger aperture than the 
eyepicce of the lens towards the eye. 


Working 
Light from the distant object enters the objective and real 
image is formed at second focal point of objective. The 
eyepiece magnifies this image producing a final inverted 
image. 

Case When the final image is formed at infinity 


Objective lens 


Petal ra 
Ue 
dnfingy °C at 


B= tanB 
or O= tana 
tan B 
= n=— (i) 
tana 
Now, tana=— and tanB=—- 
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formed by the objective, f, and f 
f objective and eyepiece, Fespectinl, 
fran. and tan B in Eq. (i), ye aa 


where, / is the image 
are the focal lengths o 
Substituting the values o| 


b>— 


Parallel rays rom? 
object at infinity 


Angular magnification, mm = — 
a 


> m= 2298 1.8 and ot are smal 
tan @ 
AB 

Ss 

= a 


Using lens formula| + -1 = 1] for the 
eyepiece, wehave (vv f 


= padded (4) 


Seine [5] A telescope consists of two lenses of 
when tae sos and 5 cm. Obtain its magnifying power 
eye, final image is (i) at infinity (ii) at 25 em fromth® 


Sol. (i) When the final image is at infinity, 


wort and Optical Instruments 
2 m=-4 


i When the final image is at 25 cm from the eye, 
@ ye De2em, 


par aac 
a m=-48 


geflecting Telescope 


wdc telescope is also known as Cassegrain Telescope, 

wh was designed by Guillaume Cassegrain, shown in 
a below. Reflecting telescope is an improvement over 
a ie ‘or astronomical telescope. To obtain a bright 
nage of 4 distant star by refracting telescope, it is essential 
iphave an objective of large aperture, so that it may collect 
ore light coming from the object. But to deal with such a 
bg ens is problem in terms of using and making and it is 
ppocostly. The same bright image of a distant object can be 
chained by using a concave mitror of large aperture in 
qlsce of objective. 


v Objective 


Secondary mirror 


minor | 


Eyepiece 


Reflecting telescope consists of concave mirror of large 
aperture and large focal length (objective). A convex mirror 
placed between the concave mirror and its focus. A small 
convex lens works as eyepiecen the reflecting telescope, 
parle! rays from a distant object are intercepted and 
focused, by a reflecting concave mirtor rather than a 
thacting lens. One popular configuration of mirror and 
"piece is called the Newtonian reflecting type telescope, 
tamed after its designer Newton. 

* parallel beam of light coming from the distant object 
Nat) is reflected by concave parabolic mirror Mf,, on the 
ig mittor M). The plane mirror M, is inclined at an 


* OF 45° to axis of the mirror My. 


Eyepiece ra 


My = Parabolic mirror 


Pays ani 
e 
Parallel from 


2 Y stan 


M,= Plane mirror 


7 . 
byte Mirror reflects the beam and a real image is 


nfrone oF eyepiece. The eyepiece acts as a magnifier 
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and the final magnified image of the distant object can be 
observed by the eye. 


Advantages of Reflecting Telescope 
over Refracting Telescope 

For astronomical telescope, the mirror affords several 
advantages over the objective lens. A mirror is easier to 
produce with a larger diameter, so that it can intercept rays 
crossing a larger area and direct them to the eyepiece. 


The mirror can be made parabolic to reduce spherical 
aberration, Aberration is further reduced because passage 
through one layer of glass (the objective lens) is eliminated. 


| TOPIC PRACTICE 4| 


OBJECTIVE Type Questions 


1. Aprism has refractive angle 60°. When a light 
ray is incident on 50°, then minimum deviation 
is obtained. What is the value of minimum 


deviation? 
(a) 40° (bya 
(c)50° (d) 6 


Aray of light passes through an equilateral 
prism such that, the angle of incidence is equal 
to the angle of emergence and the latter is equal 
to 3/4 the angle of prism. The angle of deviation 


Is 
(a) 25° ) 30° 
(c) 45° (@) 35° 


3. Aray of light incident at an angle @ ona 
refracting face of a prism emerges from the 
other face normally. If the angle of the prism is 
5° and the prism is made of a material of 
refractive index 1.5, the angle of incidence is 

NCERT Exemplar 

(b) 5° (c) 15" (d) 2.5" 

4, The image formed by an objective of a 
compound microscope is 
(a) virtual and diminished 
(b) real and diminished 
(c) real and enlarged 
(d) virtual and enlarged 


@) 75" 


5. In order to increase the angular magnification 
of a simple microscope, one should increase 
(a) the object size” 
(b) the aperture of the lens 
(c) the focal length of the lens 
(d) the power of the lens 
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6. F,and F, are focal lengths of objective and 


eyepiece respectively, of the telescope. The 


angular magnification of the given telescope is 


equal to 
A pity 
(a) Fy (b) F, 
FF, F+Fe 
(c (d 
OF @ F\F, 


7. Anastronomical telescope has an angular 
magnification of magnitude 5 for distant 
objects. The separation between the objective 
and the eyepiece is 36 cm and the final image is 
formed at infinity. The focal length f, of the 
objective and the focal length /, of the eyepiece 


are 
(a) f, =45em and f, =-9em 
() f, = 7.20mand f, =5em 


(0) f, =50em and f, =10 cm 
(@) f, =30cm and f, =6 cm 


8. Limitation of reflecting telescope is 
(a) objective mirror focusses light inside the telescope 
(&) objective mirror focusses light outside the telescope 
tube 
(objective mirror has large focal length 


(@ tube length is large 
VERY SHORT ANSWER Type Questions 


9. How does the angle of minimum deviation ofa 
glass prism vary, if the incident violet light is 
replaced by red light? Give reason. All India 2017 


10. Write the relationship between angle of 
incidence i, angle of prism A and angle of 


minimum deviation 6,, for a triangular prism. 
Delhi 2013 


f1.. Why should the objective lens of a compound 
microscope have a smal] focal length? 


12. How will you distinguish between a compound 
microscope and a telescope simply by seeing it? 


SHORT ANSWER Type Questions 


13. What should be the position of the object 
relative to the biconvex Jens, so that this lens 


behaves like a magnifying glass? 


44. How does the magnification of a magnifying 
glass differ from its magnifying power? 
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the range ofa 
gsible to increase ; 
15. ope by increasing the diameter of the 
ive lens? 

i ngement of a reflect 
aschematic arra e ai 
16. De Cope (Cassegrain) showing how rays ig 

tel a distant object are received sti, 
e 


ing from ; 
pees rite its two important advantages 
over a refracting telescope. Delhi 21g 


in two advantages ofa reflecting 
17. Explain rarefracting telescope. CBSE 201, 


telescope 0V® 


ER Type! Questions 


LONG ANSW 
18. Choose the statement as wrong or right and 
justify. ; 
of scattered light varies 


@ The intensity 
inversely as square of wavelength. 


(ii) Magnification of simple microscope 
when final image is at infinity is given 


bym=1-—.- 
BE oe 


(iii) In reflecting type telescope, objective lens is 
replaced by convex parabolic mirror. 

19. (i) Drawa neat labelled ray diagram of a 
compound microscope. Explain briefly its 
working. 

(ii) Why must both the objective and the 
eyepiece of a compound microscope have 
short focal lengths? All India 2010 


20. Draw a ray diagram showing the image 
formation by a compound microscope. Hence, 
obtain the expression for total magnification, 
when the image is formed at infinity. Delhi 2010 


21. Draw a labelled ray diagram on a refracting 
telescope. Define its magnifying power and 
write the expression for it. Write two important 
limitations of a refracting telescope over 4 


reflecting type telescope. All India 2013 


LONG ANSWER Type II Questions 


22. (i) Aray PQ of light is incident on the face AB of 
a glass prism ABC (as shown in the figu’® 
and emerges out of the face AC. Trace the 
path of the ray. Show that 2i+ Ze= A+“ 


“opt cs and Optical Instruments 

Vd 
where, 5 and denote the angle of deviation 
and angle of emergence, Tespectively. 
plot a graph showing the variation of the 
angle of deviation as a function of angle of 
incidence. State the condition under which 
Zbis minimum. 

( Find out the relation between the refractive 
index (1) of the glass prism and ZA for the 
case, when the angle of prism (A) is equal to 
the angle of minimum deviation (6, 
Hence, obtain the value of the refractive 
index for angle of prism A= 60°. Delhi2015 


Draw a ray diagram to show refraction of a ray 
of monochromatic light passing through a 
glass prism. Deduce the expression for the 
refractive index of glass in terms of angle of 
prism and angle of minimum deviation. 

Delhi 2012 


Define magnifying power of a telescope. Write 
its expression. 

Asmall telescope has an objective lens of focal 
length 150 cm and an eyepiece of focal length 
dem. If this telescope is used to view a 100 m 
high tower 3 km away, find the height of the 
final image, when it is formed 25 cm away from 
the eyepiece. Delhi 2012 


14. 


NUMERICAL PROBLEMS 


15. White light is incident on one of the refracting 
surface of a prism of angle 5°. If the refractive 
indices for red and blue colours are 1.641 and 
1659 respectively, then what will be the 
angular separation between these two colours 
When they emerge out? 


. Consider a telescope whose objective lens has 
focal length of 100 cm and the eyepiece has 
focal length 1 cm, What will be the 


Magnification of the given telescope? 


4, 
To lenses of focal lengths 6 cm and 50cm 


are to be used for making a telescope. Which 
Will you see for the objective? 


; Aray of light, incident on an equilateral glass 
Prizm (1, = V3) moves parallel to the base line 


: the Prism inside it. Find the angle of r 
idence for this ray. Delhi 2012 
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29, Aray PQ incident on the refracting face BA is 


30. 


31. 


32. 


33. 


34, 


35. 


refracted in the prism BAC and emerges from the 
other refracting face AC as RS, such that 

AQ= AR. If the angle of prism 2A =160° and 
Tefractive index of the material of prism is ¥3, 
then what will be the angle of deviation of the 
ray? 


The following table gives the values of the angle 
of deviation, for different values of the angle of 
incidence, for a triangular prism. 


Angle of incidence 33° | 38° | 42” | 52° 60° 71° 
50° 


Angle of deviation 60° 50° | 46° 40° 43° 


(i) For what value of the angle of incidence, is 
the angle of emergence likely to be equal to 
the angle of incidence itself ? 

(ii) Draw a ray diagram, showing the passage of a 
ray of light through this prism, when the 
angle of incidence has the above value. 


The near vision of an average person is 25 cm. To 

view an object with an angular magnification of 

10, what should be the power of the microscope? 
NCERT Exemplar 


You are given two converging lenses of focal 
length 1.25 cm and 5 cm to design a compound 
microscope. If it is desired to have a 
magnification of 30, then find out the separation 
between the objective and eyepiece. Delhi 2015 


Asmall telescope has an objective lens of focal 
length 144 cm and an eyepiece of focal length 6 
cm. What is the magnifying power of the 
telescope? What is the separation between the 
objective and the eyepiece? NCERT 


Atelescope consists of two thin lenses of focal 
lengths 0.3 m and 3 cm, respectively. It is focused 
on moon which subtends an angle of 0.5” at the 
objective. Then, what will be the angle subtended 
at the eye by the final image? 


Asmall telescope has an objective lens of focal 
length 150 cm and eyepiece of focal length 5 cm. 
What is the magnifying power of the telescope 
for viewing distant objects in normal 
adjustments? 

If this telescope is used to view a 100 m tall 
tower 3 km away, then what is the height of the 
tower formed by the objective lens? Delhi 2015 
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36. 


(i) A ray of light incident of face 
AB of an equilateral glass A 
prism, shows minimum 
deviation of 30°, Calculate the g. 
speed of light through the 2 
prism. 

(ii) Find the angle of incidence at face AB, so 
that the emergent ray grazes along the 
face AC. Delhi 2017 
37. For a glass prism(ut = V3), the angle of minimum 
deviation is equal to the angle of the prism. 
Find the angle of the prism. | NCERT Exemplar 
38. (i) Draw a labelled ray diagram showing the 
formation of a final image by a compound 
microscope at least distance of distinct 
vision. 

(ii) The total magnification produced by a 
compound microscope is 20. The 
magnification produced by the eyepiece is 5. 
The microscope is focused on a certain 
object. The distance between the object and 
eyepiece is observed to be 14 cm. If least 
distance of distinct vision is 20 cm, calculate 
the focal length of the object and the 
eyepiece. Delhi 2014 

39. Acompound microscope uses an objective lens 

of focal length 4 cm and eyepiece lens of focal 

length 10 cm. An object is placed at 6 cm from 
the objective lens. Calculate the magnifying 
power of the compound microscope. Also, 
calculate the length of the microscope. 

AllIndia 2011 


40. (i) Agiant reflecting telescope at an 
observatory has an objective lens of focal 
length 15 m. If an eyepiece lens of focal 
length 1.0 cm is used, find the angular 
magnification of the telescope. 

(ii) If this telescope is used to view the moon, 
what is the diameter of the image of the 
moon formed by the objective lens? The 
diameter of the moon is 3.48x 10° mand the 
radius of the Junar orbit is 3.8% 10° m. 

All India 2015, All India 2011; NCERT 


| HINTS AND SOLUTIONS | 


1. (a) Given, incidence angle, i = 50° 


Refraction angle, A = 60° 
Minimum deviation, 8 = 2i — A = 50° x 2- 60° = 40° 


b&b 


10. 


i. 


. (a) Given, f, = Fy, fe = Fe 


+ (@) For telescopel m| = (42 /=5 


x 
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(b) Given, equilateral prism ic., A = 60° 
i 


3 3 
=A==x 60 = 
gg Fe 


From relation, A + D= +e 
Wehave, 60° +D=2% 45° 

= D = 90? — 60° = 30° 

{@) Since, deviation 5 = (t-1) A =(15~1) x5 95, 
By geometry, angle of refraction by first surface iss: 
But §=0~r, $0, we have, 25"=0 5° on solving | 


0=75°. 
(c) Objective of a compound microscope is a convey 


” Jens, Convex lens forms real and enlarged image when 


an object is placed between focus and radius of 
curvature. 

(d) For least distance of distinct vision, the angular 
magnification of simple microscope is 


M=14+2 = M=1+DP (:-Powenm=2 
f f 


D 
and for normal adjustment M= ras M=DP=>Mep 


We know, angular magnification for telescope 


fLjajA a 
fl |F F, 


imi-| 


Le ali) 

and length of the telescope 
L=Ifl+lf1=36 

From Eqs. (i) and (i), 

= f.=6em and f,=30cm 


(a) The main limitation of reflecting telescope is that the 
objective mirror focusses light inside the telescope tube. 


. Wavelength of violet light is smaller than that of red 


light. Also, angle of minimum deviation, 


6, =(u-DA 
= 5,41 
As, He <Hty 
= (nde < (Sn Wy 


As deviation is less for red light, hence angle of deviation 
decreases. 


The relation between the angle of incidence i, angle of 
Prism A and the angle of minimum deviation 6,,, for® 
+8, 


triangular prism is given as i = 4. 


a 
The angular magnification of eyepiece is (: + 4} 


5. 
Hence, as f, decreases angular magnification inete™* 


Also, the magnification of the object lens is“. 
u 


ff 


opis and Optical Instruments 
si 
ject lies close the focus of the object 
be or nerefore, to increase the magulcatee fr : 
roll 
impound microscope objective lens has small 
2 In Se and smaller focal length than the evéqiece 
aj ije in telescope, the objective has a larger aperture 


al jarger focal length than the eyepiece, 


Whenever object is placed within the focus of the 
13. x lens, we will obtain enlarged image, hence the 


“conve f 
pone lens behaves like a magnifying lens, 


. magnification of a magnifying glass depends 
14. ‘on, where it is placed between the user's eye and the 
object being viewed and the total distance between 
them, while the magnifying power is equivalent to 
angular magnification. 
By increasing the diameter of the objective lens, we can 
: jncrease the range of the telescope because as the 
diameter of lens increases, the area covered by the lens 
also increases, i.e. lens is able to focus on a large area 
there by helping us to view the object better. 
1, Refer to text on page 387. 
{1, Advantages of reflecting telescope over refracting 
telescope 
(i) In reflecting telescope, image formed is free from 
chromatic aberration defect. So, it is sharper than 
image formed by a retracting type telescope. 
(ii) A mirror is easier to produce with a large diameter, so 
that it can intercept rays crossing a large area and 
direct them to the eye-piece. 


8 (i) Wrong; as it varies I 


(ii) Refer to text on pages 383 and 384. 
(ii) Refer to text on pages 387. 
19. (i) Refer to text on pages 384 and 385. 
(i) f, and f, of compound microscope must be small, so 
as to have large magnifying power as 


4 Refer to text on pages 384 and 385. 
I. Refer to text on page 386 and 387. 
Magnifying power (in normal adjustment) of a reflecting 
lescope is the ratio of the focal length of concave 
Tellector and the focal length of eyepiece. 


tinitations of refracting telescope over & reflecting 
Ype telescope 
i) Refracting telescope suffers from chromatic 
ti) 2 “tration as it uses large sized lenses. 

I is also difficult and expensive to make such large 
_ Sized lenses, ) 
e Refer to text on pages 382 and 383. 

fer to text on pages 382 and 383. 


24. 


25. 


26. 


27. 


28. 
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Since, ZA = 60° [given] 


(* +) 
sin | ——— 
2 


sin (60° /2) 
_sin6? 4 K 2 
sing? 2 


= V3 =1.732 


pe 


. Refer to text on pages 382 and 383. 


The magnifying power of a telescope is equal to the 
ratio of the visual angle subtended at the eye by final 
image formed at least distance of distinct vision to the 
visual angle subtended at naked eye by the object at 
infinity. 


Magnification, m= Iiwih 
O uy Uy 
-2 
= J _ 15010 
100 3x10" 
> 1=5x10° m=5cm 


Angle of prism, A=5°, tg =1.641, ls =1.659 
As we know that, 6 =(u-1)A 


So, 5, =(ug-1) Aand 8, =(ug-A 
5-5 q=(l1g—Ha)A = (1.659- 1.641) x5 
=0.0% 
Magnification of telescope is given by 
m= fa 100 _ 99 


fe 

Yes, these lenses can be used for making a telescope. 

Since, the objective lens has large aperture and focal 

length, hence the lens having focal length will be used 

as objective lens. 

To draw the ray diagram for the refraction from the 

prism. Following things should be kept in mind. 

(i) Draw normal to the point of incidence. 

(ii) Consider each boundary of the prism as separate 
interface and draw the ray diagram for the refraction 
taking place. 

‘The reflection of light through prism is shown below. 


By geometry, angle of refraction, r= 30° 


Refractive index, |t = 3 [om Snell's law, t= et] 


sinr 
=> sini =[lsinr = (/3)sin(30°) = = 


Pai 
Angle of incidence, izor'=t > airs 
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29. Refer to the Example 2 on pages 383, 

30. (i) i =52%, when prism is adjusted at an angle of 
minimum deviation, then angle of incidence is equal 
to the angle of emergence. 

Hence, r=0 

This ray pass unrefracted at AC interface and reaches 
AB interface. Here, we can see angle of incidence 
becomes 30°. 


sin 30° 
sine 


3 


sin e = V3 xsin 30° = “> 


Thus, applying Snell’s law, 


Thus, e=60° 
31. The least distance of distinct vision of an average 

person, (ie. D) is 25cm, in order to view an 

object with magnification of 10. 

Here, v= D = 25cmandu= f 

But the magnification, m = v/u = D/f 


and 


This is the required power of lens . 
32. Given, f, =1.25em, f,=-5Sem 

Magnification, m = 30, D= 25cm 

If the object is very close to the principal focus of the 

objective and the image formed by the objective is very 

close to eyepiece, then magnifying power of a 

microscope is given by 


mene? 
fo fi 
Ls 
= ee 
125 5 
125 x 30x5 
= REE) 
25 x 100 
= pe X50 2 p30 
100 4 
=> L=7.5 cm 
This is a required separation between the objective and 
the eyepiece. 


33, Given, focal length of objective lens, f,=144 cm 


Focal length of eyepiece, f, =6 cm 
Magnifying power of the telescope in normal 
adjustment (ie, when the final image is formed at), 


«. Separation between lenses, 
L=f,+ f, =144+ 6= 150 cm 
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34. Since, m= 
Bsr 
05° 

35, When final image is at D, then 


h{i+4 


magnifying power, m= 


In normal adjustment, m 


For telescope, 
focal length of objective Jens, f, =150cm 


Focal length of eye lens, f, = 5m 
When final image forms at D, i.e. 25cm, then 


magnification, m 7A ( a 4) 


+ “(1+ 5) 7150 6 


5 25, 55 
=> m=-36 
Let height of final image be Acm. 


100m _ 1 
3000m = 30 


= tanp= if, and tana. = 
25 


where, {= visual angle formed by final image at eye 
and a = visual angle subtended by object at objective. 
A 


But m=220B _, 96. 4257 
tana +) 
30 
= -36=—+ x30 = -6-2 
= he W36x5 
6 
h=-30em 


Negative sign indicates inverted image. 


36. (i) Given, angle of minimum deviation, §,, = 30° 
©. Angle of prism, A = 60° 
By prism formula, reflected index, 


~ 5, +A 30° +.60° 
sinSetA 4, 3° +60" 
oe sina? 
sin A/2 sin30° sin 30° 
1 
= ypiaev 


Also, y= Seed of light in vacuum (c) 
- Speed of light in prism (v) 
= vecl=(3x10"/V2) mis 


Hence, speed of light th: ism i 
’ (3x10°//2) mis Ce 


ii) Criti i, is gi 
(ii) Critical angle i, is given as 


ae pb od 
sini, = 
V2 


i, Sy 
(sink = 


oe and Optical Instruments 


3 i, = 45° 
A=rti, =oy 
o T= 60? ~ 45° = 459 


ing Snell's law, “2! _ 
Using 9 sin “f 
3 sin f= 2 sin r= V2 x sin tsp 
: f=sin™ (2sin 15°) 
| of the relationship between refractive in, 
gi. ‘Aand angle of minimum deviation 5, 
= Sin(A + 8,92] 
=o 
| sin (A/2) 
civen, 5,54 


| substituting the value of 6,,, we have 
sinA 


dex, prism angle 
is given by 


© sin(A/2) 


iA oA 
2sin—cos — 
Z: A 


On solving, we have, p = = 2cos— 
3 


sin— 
2 
For the given value of refractive index, 1 = 3, we have 
A_v3 A 
cos — = — or —=3° = 60° 
rar Ir = orA 


This is the required value of prism angle. 
38, (i) Refer to text on page 384, 
(ii) Given, magnification, m =20 
Magnification of eyepiece, m, =5 
Least distance vision, D = 20 cm 
Distance between the object and eyepiece, 
L=14cem 
We know that, magnification, m =m, x m, 


=14- 4= 10cm 

sa Yo 
Magnification produced by object, m, =— ns 
Object distance for object, 


Using lens formula for object, 
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f,=2em 


= a ae 
¥, 


+. Magnifying power, m= — (=) (: + 2) 
Y fi 


0 


“leg 
6 10 2. 
Length of microscope =| v, | +|u, | 


where, v, = 12cm 
For eye lens, v, = ~ 25 cm, f, =10cm,u, =? 


=> 4, =-7.14 em 
+. Length of microscope =| v, | +|u, | 
=12+7.14= 19.14 cm 
40. (i) For astronomical telescope, 
f, = 15m = 1500 cm, f, =10m 
Angular magnification, m = - £ . 15% 100m 
fe lem 
=- 1500 
(ii) Given, diameter, D=348x10° m, 
f= 3.8x10° m 


Let & be the angle subtended by the moon at 
objective. 
= D 
Radius of lunar orbit 
3.48x 10° m , 
(ae ae wai) 
3.8x 10° m 
Also, then angle subtended by image formed by 
objective on itself, 
d om 
a=— efi) 
fo 
where, d= diameter of image. 
From Eqs. (i) and (ii), we get 
yo 
348 x 10 a [given] 
3.8x10° 1500 


_ 1500 x 3.48 x 10° 
3.8 x 10° 


d =137 cm 


SUMMARY 


> Reflection of Light It is the phenomenon of change In the path of 
light without any change in medium, 


* Laws of Reflection Incident ray, reflected ray and the normal to 
the reflecting surface at the point of incidence, all lies in the same 
Plane. Angle of incidence is always equal to the angle of reflection. 


14 


© Mirror formulas given by, 14 ;. 
¥ 


+ Linear Magnification The ratio of size of the image formed by the 
spherical mirror to the size of the object is called linear 
magnification, 


ie. 


® Refraction It is the phenomenon of change in the path of light as it 
goes from one medium to another medium. 

= Laws of Refraction Incident ray, refracted ray and the normal to 
the refracting surface at the point of incidence, all lies in he same 
plane. 

According to second law, (sin//sinr)=,}t2. This is called Snell's 
law of refraction. 

= Refractive Index It is equal'to the ratio of speed of light in vacuum 
to the speed of light! in the material. 

* Principle of Reversibility of Light When a light rays, alter suffering 
any number of reflections and refractions, its final path is reversed 
and it travels back along its entire initial path. 

tsin(/ 4) 


. ‘ion for Lateral Di: tt D = 
Expression for ral Displacement 084 


Real depth 


"Ay it Depth and Real Depth “p,, =————__ 
parent Depth and Heal Depth “Hw = a oparent depth 


* Critical Angle The angle of incidence in denser medium 
corresponding to which angle of refraction in rarer medium is 90°. 


* Total Internal Reflection (TIR) The ray on the interface of two 
media should travel in the denser medium. The angle of incidence 
should be greater than the critica! angle for the two media. 

* Refraction at Spherical Surfaces The equation which holds the 


good for any curved spherical surface is given by Bg an 
vou 


* Lens Itis a transparent medium bounded by two surfaces of which 
‘one or both surfaces are spherical. It is of two types. 


Bs | 


Convex lens is thicker at the centre and thinner at its 


Concave lens is thinner at the centre and thicker at is eng 


1 
* Lens formula Para 

A guergftoe st 
* Lens Maker's formula ia RR 


= Power of a Lens It is the ability to converge or diverge the 
rays of incident lignt. '. 


Also, 


* Prism A prism is a portion of transparent medium 
bounded by two plane faces inclined to each other ata 
suitable angle 

© Refraction of Light through a Prism The relation between, 
angle of deviation and angle of prism is 8 = (1 -1)A 


* Prism Formula Itis given by, = 4 
or j 


* Angle of minimum deviation §,, =(u -1)4 


= Simple Microscope It forms the large image of close and 
minute objects. Itis a converging lens of small focal 
length. 


= Compound Microscope It consists of two convex lenses 
coaxially separated by sore distance. One is objective 
and another is eyepiece. 


* Astronomical Telescope It has two convex lenses 
coaxially separated by some distance, which is used for 


Observing distinct images of heavenly by badies like stars, 
planet, etc. 


* Refracting and Reflecting Telescope Refracting 
telescope is used for observing the distinct images of 
heavenly bodies like Slars, planets, etc. 


Reflecting telescope is an improvement over refracting 
telescope. 


\CHAPTER 
‘PRACTICE 


pplectivE Type Questions 
{ Relation between focal length (f) and radius of 
7 curvature (R) of a spherical mirror is 
@R=fl2 (b) f =3R 
(fake (a) f = RA 
4, Aconvex mirror has focal length 20 cm. If an 


abject is placed 20 cm away from the pole of 
mirror, then what is the distance between image 


formed and pole? 
(a) 40cm (b) 10 cm 
(c) 20cm (d) At infinity 


3, In total internal reflection, 
(@) light ray travelling through a denser medium is 
completely reflected back to denser medium 
(b) light ray travelling through a denser medium is 
completely refracted to rare medium 
() light ray is partially reflected back to denser 
medium and partially refracted to rare medium 


(d) light ray is absorbed completely by denser medium 


4, Ray of light transmitted from glass (n = 3/2) to 


water (n = 4/3). What is the value of critical 
angle? 


wsn($) (b)sin™* f 
(osn(8) (asir"(?) 


5 Two convex and concave lens are in contact 
and having focal length 12 cm and 18 cm, 
Tespectively. Focal length of joint:lens will be 

50cm (b) 45cm (¢)36em (a) 18cm 


* Mo lenses are kept in contact with powers 
+2D and- 4D. The focal length of this 


Combination will be , 
had (b) - 50cm 
)~ 25 em (d) + 25cm 


: Athin lens of glass (u = 1.5) of focal length + 10 em 


‘immersed i a 
length ic ed in water (1 = 1.33). The new focal 


"2m b) doom (@) 48cm (@) em 


8. Aplot of angle of deviation D versus angle of 
incidence for a triangular prism is shown below. 


The angle of incidence for which the light ray 
travels parallel to the base is 


5 
§ 
3 
a 
g 
3 
2 40} 
fo) 
0 3045 eo" 
Angle of incidence 
(a) 30° (b) 60° 
(c) 45° (a) Data insufficient 


9. An equilateral prism is in condition of 
minimum deviation. If incidence angle is 4/5 
times of prism angle, then minimum deviation 
angle is 

(a) 72 (b) 60° (c) 48 (da) 36 
10. Advantage of reflecting telescopes are 
(a) no chromatic aberration 
(b) parabolic reflecting surfaces are used 
(c) weighs of mirror are much less than a lens of 
equivalent optical quality 
(d) All of the above 

11. When a wave undergoes reflection at an 
interface from rarer to denser medium, 
then change in its phase is CBSE 2020 


(a) : (b) zero (o)n (d) : 


12. Abi-convex lens of focal length f is cut into two 
identical plano-convex lenses. The focal length 
of each part will be CBSE 2020 


or wh ox war 


13. biconcave lens of power P vertically splits into 
two identical plano-concave parts. The power 


of each part will be CBSE 2020 
P P 
(a)2P (by) = ()P (d)— 
2 v2 


396 


ASSERTION AND REASON 


Directions (Q. Nos. 14-19) 


In the following 


questions, two statements are given- one labeled 
Assertion (A) and the other labelled Reason (R). 
Select the correct answer to these questions from 
the codes (a), (b), (c) and (d) as given below 


14. 


15. 


16. 


17. 


18. 


19, 


(a) Both Assertion and Reason are true and Reason is 
the correct explanation of Assertion. 

(b) Both Assertion and Reason are true but Reason is 
not the correct explanation of Assertion. 

(c) Assertion is true but Reason is false. 

(d) Assertion is false but Reason is true. 

Assertion A ray of light incident along the 

normal to the plane mirror retraces its path 

after reflection from the mirror. 

Reason Aray of light along the normal has 


angle of incidence as n/2 and hence, it retraces 
its own path after reflection from mirror. 


Assertion Refractive index of glass with 
respect to air is different for red light and 


violet light. 
Reason Refractive index of a pair of media 
depends on the wavelength of light used. 


Assertion Propagation of light through an 
optical fibre is due to total internal reflection 


taking place at the core-clade interface. 

Reason Refractive index of the material of the 

core of the optical fibre is greater than that of 

air. 

Assertion The refractive index of diamond is 
V6 and that of liquid is V3. If the light travels 
from diamond to the liquid, it will initially 
reflected when the angle of incidence is AS’. 
Reason p= we where pis the refractive index 

sin 
of diamond with respect to liquid. 

Assertion Convergent lens property of 
converging remains same in mediums. 

Reason Property of lens whether the ray is 
diverging or converging depends on the 
surrounding medium. 

Assertion By roughening the surface of a glass 
at sheet its transparency can be reduced. 

Reason Glass sheet with rough surface absorbs 


more light. 


CASE BASED QUES 


Directions (Q.N 
study based ques' 
from each question. 


20. 
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TIONS 


10. 20) These questions are case 
tions. Atlempt any 4 sub-parts 
Each question carries } mark, 


Refraction of Light 
volves change in the path of ligh 


Refraction i : 
duc to change in the medium. 
Normal 
rexiacteay "Oe icseet 


Welracted ray 


When a beam of light encounters another 
transparent medium, a part of light gets 
into the first medium while the 


reflected back i t i 
rest enters the other. The direction of 
propagation of an obliquely incident ray of 


light, that enters the other medium, changes at 

the interface of two media. This phenomenon is 

called refraction of light. 

() Which of the following quantity remains 
unchanged after refraction? 
(a) Speed of light 
(b) Intensity of light 
(c) Wavelength of light 
(d) Frequency of light 

(ii) A ray of light strikes an air-glass interface at 
an angle of incidence (/=60°) and gels 
refracted at an angle of refraction r. On 
increasing the angle of incidence (i> 60°), 
the angle of refraction r 
(a) decreases (b) remains same 
(c) is equal to 60° (a) increases 

(iii) When an object lying in a denser medium is 
observed from rarer medium, then real 
depth of object is 
(a) more than that observed 
(b) less than that observed 
(c) equals to observed depth 

__ (@) depends on angle of vision 

(iv) For the same angle of incidence, the an 
of refraction in media P,Q and R are 35°, 
and 15°, respectively. Which of the following 
relation hold true for the velocity of light in 
medium P, Q and R? 
(a) vp <vQ <vy 
©) vp >v9 >vQ 


gles 


(b) vp <¥R <¥0 
(d) vp > Vp > %O 
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oo 

i alight ray enters from medium A to medium 
as shwon in figure. The refractive index of 
medium B relative to 4 will be 


Medium B 


Medium A 
(a) greater than unity (b) less than unity 
(0 equal to unity (d) zero 


jrY SHORT ANSWER Type Questions 


Atwhat angle, is aray of light falling normally 
ona mirror reflected? 


|. Does size of mirror affect the nature of the 
image? 

B. Why are danger signals red in colour? 

44, Why does a convex lens of glass jt = 1.5behave 
as a diverging lens when immersed in carbon 
disulphide ofp = 1.65? 

25, Why does rising sun appear oval shaped? 


SHORT ANSWER ‘Type Questions 
26. Where should an object be placed from a 


convex lens to form an image of the same size? 
Can it happen in case of a concave lens? 


21, Derive the expression for the effective focal 
length of two thin lenses in contact. 


38, Discuss refraction of monochromatic light 
through a prism and derive its relation. 


2. adcmtall light bulb is placed at a distance of 
830 cm from a double convex lens having a focal 
length of 15.2. cm. Calculate the position and size of 
the image of the bulb. 


‘ONG ANSWER Type I Questions 


0, Minimum deviation suffered by violet, yellow 
ue ted beams passing through an equilateral 
ransparent prism are 39.2°, 38.7 and 38.4, 
eeetively Calculate the dispersive power in 
medium. 


¥, 
Abdeam of light strikes a glass sphere of 


peter 15cm converging towards a point 
fa behind the pole of the spherical surface. 
615 the position of the image, if of glass 
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LONG ANSWER Type II Questions 


32. (i) Explain with reason, how the power of a 


(ii) 


diverging lens changes when (a) it is kept in 
a medium of refractive index greater than 
that of the lens. (b) incident red light is 
replaced by violet light. 

Three lenses L,,L, and L, each of focal 
length 30 cm are placed coaxially as shown 
in the figure. An object is held at 60 cm from 
the optic centre of lens Ly. The final real 
image is formed at the focus of L,. Calculate 
the separation between (a) (L; and L,) and 
(b) (L, and L,). All India 2017 C 

L, ly Ly 


LA A A, 


33. (i) Deduce the expression by drawing a suitable 


14. 


(i) 


() 


. () 
IL 


() 


ray diagram for the refractive index of a 
triangular glass prism in terms of the angle 
of minimum deviation (D) and the angle of 
prism (A). 

Draw a plot showing the variation of the 
angle of deviation with the angle of 
incidence. 

Calculate the value of the angle of incidence 
when a ray of light incident on one face of 
an equilateral glass prism produces the 
emergent ray, which just grazes along the 
adjacent face. Refractive index of the prism 
is V2. All India 2017C 


ANSWERS 


2. (6) 3. () 4, (0) 5. (c) 
7) 8 9. (@) 10. (a) 
12. () 18. (b) 


(c) Angle of incidence = Angle between incident ray and 
normal to the mirror = 0° 


=> 


Reflected ray 


Incident ray, 
Normal 


Angle of reflection =0° (from laws of reflection) 


Hence, the reflected ray retraces its path along the 
normal at an angle 0° with normal. 
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15. (a) Refractive index of any pair of media is inversely 

Proportional to wavelength of light. 

Hence, A, <d, 

Rt HW. > 

where, A, and A, are the wavelengths of violet and red 
light and}, and 1, are refractive index of violet and red 
light. 

16. (b) Optical fibre communication is based on the 
phenomenon of total internal reflection at core-clad 
interface. ‘ 

The refractive index of the material of the cladding, 
hence, light striking at core-cladding interface gets 
totally internally reflected. The light undergoes and 
reaches the other end of the fibre. 

T7. (a) Refractive index of diamond w.r.t. liquid 


3 ee 
WB sinc 
= snc =e esing 
2 
s CHa 


18. (d) In air or water a convex lens made of glass behaves 
asa convergent lens but when it is placed in carbon 
disulfide, it behaves as a divergent lens. Therefore, when 
a convergent lens is placed inside a transparent medium 
having refractive index greater than that of material of 
lens, it behaves as a divergent lens. 

19. (c) When glass surface is made rough, then light 
incident on it is scattered in different directions. Due to 
which its transparency decreases. There is no effect of 
Toughness on absorption of light. 


20. (i) (d) Refraction does not change the frequency of light. 
(i) (¢) From Snell's law of refraction, 
, sini 
& 


sinr ve) 
Since, angle of incidence increase, the angle of 


refraction has to increase, So, that the ratio (=) isa 
sinr, 


constant according to Eq, (i). 


‘ real depth of obj 
is more than that observed depth, P '°! beet 

Gi) (0 As, a 
. wisest 


sinr 
= pis maximum for R, since ris min 
sin ris minimum, 
Also, 


imum and hence, 


il) 


2 


22. 


24. 


25. 
26. 
27. 
28. 


29. 
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vis minimum, i, 


‘Therefore, if is maximum, ey 
of light is minimum in 


vel 
medium Rand order of Veloc 
will be vp > ¥o 7 8 


flight bends towards the no, 


ay a 
(9) (a) We ae om medtum Ato medium B. And we 
as 


that, when ray goes 


s towards normal. : . 
Sia means refractive index of Bis greater than 
0, 25 


ive index of B relative 
Tae retive index of B/Refractive index Of Since 
Refractive index of B > Refractive of A. Therefore 
refractive index of B relative ae i 
«oht which is incident normally on a mirror, i, 
Ay tiga hich nce oly on i 
ce well as the angle of reflection is zero. 
Nature of the image is independent of the size of mirror, 
Image can be real or virtual depending upon the 
position of object. 
The colour red is used for danger signals because red 
light is scattered the least by air molecules. The effect of 
scattering is inversely, related to the fourth power of the 


Tmal 
kno, 
from rarer to denser mediym 


wavelength, ie.1 © or of colour, so red light is able to 


travel the longest distance through fog, rain and the 
alike. 


u-1) L- 3) Hence, it becomes negative. 
RR 


So, it behaves like a diverging lens. 


Sun appears oval shaped due to atmospheric refraction. 
Refer to the text on page 374, 

Refer to the text on page 375. 

Refer to the text on pages 382 and 383, 


00658 = 0.120 +. 
d, 


00547 = 1 


aay optics and Optical Instruments 


go. = Dispersive power = Lied rae 


[+35 (n-1)4] 


3 Here, =L ty =15,u = 7%, R=2=750m 


32. (i) (a) Refer to text on page 373. 


(b) Power of a lens increases if red light is replaced by 
violet light because 


hog cig (iti ai! 
erg te aly x] 


As refractive index is maximum for violet light in visible 
region of spectrum. 


(ii) Refer to Q. 34 on page 378. 
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33. (i) Refer to text on pages 382 and 383. 
(ii) Given, the emergent ray grazes along the face AC, 
A 


sing, 

sinw? 
> —— = 2 

sinr, 
Fi ' 1 _ 
ie. sin, == or 5 =45° 

PETE be 
v 

> Rtn=ZA=6r 
=> 


. i wave optics. T| 
The connection between waves and rays of light ss peri modified by ih 7 
theory of light was put forward by Huygens’ in 1678.4 which travels in the fae 
According to this theory, light is a form of ener on the nature of med; oF 
transverse wave. The speed of light in a medium depends up: tum, 


na (i.e. interference of jig 
In this chapter, we will study about the various ere ( ight, 
diffraction of light ) related to the wave nature 


WAVE OPTICS 


| TOPIC 1| 
Huygens’ Principle 


As discussed above, the speed of light in a medium depends upon the nature of 
the medium. Huygens supposed the existence of a hypothetical medium called 8% CHAPTER CHECKLIST 
“luminiferous ether” which filled the entire space. This medium was supposed deat 
to be massless with extremely high elasticity and very low density. ° Huygens’ Principle 


* Interference of Light 
WAVEFRONT 


* Diffraction of Light 
Iris the locus of points (wavelets) having the same phase (a surface of constant 


phase) of oscillations. A wavelet is the point of disturbance due to Propagation of 
light. A line perpendicular to a wavefront is called a ray, 


Depending on the shape of source of light, wavefronts can be of th 
which are given below a he 


(i) Spherical wavefront When the source of light is a point source, the 
wavefront is a sphere with centre as the source, 


Ray 


Wavatront 


Spherical wavefront 


ie 
eo 


y 
_adrical wavefront When the so 


efront urce of light i 

a Co egea straight line source, slit ete. as sha in 
tego All the points equidistant from the source 
Ha cylinder. Therefore, the wavefront is 
mint in shape. 


SZ 
ed | 
Wavelront 


Sie 
NaS 


Cylindrical wavefront 


Plane wavefront When the point source or linear 
source of light is at very large distance, a small portion 
of spherical or cylindrical wavefront appears to be 
plane. Such a wavefront is called a plane wavefront. 


ii 


Plane 
wavefront 


Plane wavefront 


Hence, the wavefront is a surface of constant phase. 
The speed with which the wavefront moves outwards 
from the source is called the speed of the wave. The 


energy of the-wave travels in a direction perpendicular 
to the wavefront. 


Light rays 


Plane wavefront 


HUYGENS’ PRINCIPLE 
bye ally a geometrical construction, which gives the 
mi the wavefront at any time and allows us to 
_ ine the shape of the wavefront at a later time. 
f 8 to Huygens’ principle, 

Each Point o 


vavetonn) n the given wavefront (called primary 


is the source of a secondary disturbance 

e led Secondary wavelets) and the wavelets emanating 

4 ese points spread out in all directions with the 
OF the wave, 
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(ii) A sutface touching these secondary wavelets, 
tangentially in the forward direction at any instant 
gives the new wavefront at that instant. This is called 
secondary wavefront. 


Gy Fy Gy 


G, 
(a) 
In Fig. (2), FF; is the section of the given spherical wavefront 

and GG, is the new wavefront in the forward direction. In 


Fig.(b), Ff; is the section of the given plane wavefront and 
G,G, is the new wavefront in the forward direction. 


Note Huygens’ argued that the amplitude of the secondary 
wavelets is maximum in the forward direction and zero in the 
backward direction. Hence, the backward secondary front is 
absent. 


Refraction and Reflection of Plane 
Waves Using Huygens’ Principle 
Huygens’ principle can be used to explain the phenomena 
of reflection and refraction of light on the basis of wave 
theory of light. 

Laws of Reflection at a Plane Surface 


Let 1, 2, 3 be the incident rays and 1’,2’,3’ be the 
corresponding reflected rays. 


3 | Incident 


wavefront 


nN 


N N 


y 
Reflected 
wavefront 


Laws of reflection by Huygens’ principle 


Ifc is the speed of the light, ¢ is the time taken by light to go 
from B to Cor Ato D or E toG through F, then 
EF FG 
=—4+— 
Go we 
EF 
In AAEF, sini =—— 
n sini=7e 


t .(i) 


FG 
In AFGC, sin r =—~ 
n sinr FC 
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AF sini FCsi 
or = AR ang , Posing 
z 


e 
- ACsin r+ AF (sin i -sin r) 


He A [es FC = AC - AF} 
For rays of light from different parts on the incident 
wavefront, the values of AF are different. But light from 
different points of the incident wavefront should take the 
same time to reach the corresponding points on the 
reflected wavefront. 

So, ¢ should not depend upon AF.This is possible only, if 

sini —sinr=0 


ie. 


or aa) 
which is the first law of reflection. 

Further, the incident wavefront AB, the reflecting surface 
XY and the reflected wavefront CD are all perpendicular to 
the plane of the paper. Therefore, incident ray, normal to 
the mirror XY and reflected ray all lie in the plane of the 
paper. This proves the second law of reflection. 


Laws of Refraction (Snell’s Law) at a Plane 
Surface 

Let 1, 2, 3 be the incident rays and 1’,2',3” be the 
corresponding refracted rays. 


Densermedium 
Ve. He 


Laws of refraction by Huygens’ principle 


Ifv,, 05 are the speeds of light in the wo media and ¢ is the 
time taken by light to go from B toC or A to Dor E toG 


through F, then ft Fe 
- 
In AAFE, 
In AFGC, 
AF sini, FCsinr 
ad -—— «iii) 


yy Vy 
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ACen AF (= = | 
=> VY 4 v, 

m different parts on the ing) 
aor AF. are different. But light ie 
(the incident wavefront should take te 
h the corresponding points on the 

So, ¢ should not depend upon AE. 


wavefront, 
different points o 
same time fo fread’ 
refracted wavefront. 
‘This is possible only, if 

sin# SINT _9 


YY v2 
siné 4 ( 
a o(iy) 
= sinr 2 ) 
Now, if ¢ represents the speed of light in vacuum, the, 


wy = and H2 = are known as the refractive indices of 
2 
medium 2, respectively. 


medium 1 and 
(iv) can be written as 


In terms of refractive indices, Eq. 
jap, sinr 


"This is known as Snell’s law of refraction. 

Further, if A, and A denote the wavelengths of light in 
medium 1 and medium 2, respectively and if the distance 
BC is equal to 4, then the distance AD will be equal 04, 
thus 


dy BCL 
A, AD 04 

Ss es 
AL Ap 

os bee 


Hence, the frequency does not change on refraction. 


Thus, frequency v being a characteristic of the source 
remains the same as light travels from one medium 
another. 
Also, wavelength is directly proportional co the (phase) 
speed and inversely proportional to refractive index. 
ated ja h_eh_ec 
aT aa Vilar eee 
I Movh oy 


Behaviour of Prism, Lens and Spherical 


Mirror Towards Plane Wavefront 


i) Behavi . 
a ba ofa prism Since, the speed of light W" 
ite sia glass, so the lower portion of the incomi"s 
nt (which travels through the greatest thickness 


a optics 


ges prism) Hs get delayed resulting in a tilt in the 
ob" wavefront. 
ere" 


Reflection of plane wave by a thin prism 


Behaviour ofalens The central part of the incident 
Jane wave traverses the thickest portion of the lens 


rh is delayed the most. 

Dueto this, the emerging wavefront has a depression at 
thecentre. Therefore, the wavefront becomes spherical 
and converges to the point F which is known as the 
focus. 


fi 


Incident 
plane wave 


Spherical wavefront 
Reflection of plane wave by convex lens 


(i) Behaviour of a spherical mirror The central part of 
the incident wavefront travels the largest distance 
before reflection from the concave mirror. Hence, gets 
delayed, as a result of which the reflected wavefront is 
spherical which converges at the focal point F. 


Concave 
‘mirror of 
“ Lo, radius R 
Es 
ae : 
ge F 
a --- 


Spherical wavetront of radius R/2 


Reflection of plane wave by concave mirror 
SAMPLE [2 


(i) When Monochromatic light is incident on a surface 
raha two media, the reflected and refracted lights 
fr have the same frequency as the incident 

ti SHency. Explain, why? 
sp "light travels from a rarer to a denser medium, the 

decreases, Does the reduction in speed imply a 
Sy in in the energy carried by the light wave? 
Reflection and refraction arises through interaction of 
cident light with the atomic constituents of matter. 
ms may be viewed as oscillators, which take up 
for, requency of the external agency (light) causing 
°ed oscillations, 
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The frequency of light emitted by a charged saenicd 
equals its frequency of oscillation. Thus, 4 
frequency of scattered light equals the frequency o! 
incident light. 

(il) No, the energy carried by a wave depends on the 
amplitude of the wave, not on the speed of wave 
propagation. 


EXAMPLE |2| A plane wavefront is incident from air 
(1 =1) at an angle of 37° with a horizontal boundary of a 


3 
refractive medium from air of refractive index = z Find 


the’ angle of refracted wavefront with the horizontal 
boundary. 
Sol. It has been given that incident wavefront makes 37° with 
horizontal. Hence, incident ray makes 37° with normal 
as the ray is perpendicular to the wavefront. 


N Incident 


Incident ray wavefront 


Refracted 


wavefront 
AX _Refracted 
ray 

in53° 
Now, by Snell's law, 953° _ 3 

sinr 2 

, Bs 

> sinr = Z xsin53° 


r=sin' (066 x 079) 
=3133° 


which is same as angle of refractive wavefront with 
horizontal. 


DOPPLER’S EFFECT IN LIGHT 


According to this effect, whenever there is a relative motion 
between a source of light and observer, the apparent 
frequency of light received by observer is different from the 
true frequency of light emitted actually from the source of 
light, Astronomers call the increase in wavelength due to 
Doppler effect as red shift, since a wavelength in the middle 
of the visible region of spectrum moves towards the red end 
of the spectrum, 
‘When waves are received from a source moving towards the 
observer, there is an apparent decrease in wavelength, this is 
referred to as blue shift. 
The fractional change in frequency is given by 

AV Mradial 

v c 
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where, 34 is the component of the source velocity along 
the line joining the observer to the source relative to the 
observer. P41 is considered positive, when the source 
moves away from the observer. The above formula is valid 
only when the speed of the source is small compared to that 
of light. 

EXAMPLE |3| What speed should a galaxy move with 
respect to us so that the sodium light at 589 nm is 
observed at 589.6 nm? 

Sol Since, vA =c, 


= x =- a [for small changes in v and 4] 
Here, AA = (589.6— 589) nm = 0.6 nm 
We know that, 4¥=— AA. _ Yoda 

ae ¢ 


Z va-nve(24) 
589, 
=3.06x 10° m/s 
= 306 km/s , 
Therefore, the galaxy is moving 306 kin/s away from us. 


Applications of Doppler’s Effect in 
Light 
Some important applications of Doppler's effect are as 


given 
(i) Measuring the speed of stars and galaxies. 
(ii) Measuring speed of rotation of the sun. 
(iii) Estimation of velocity of aeroplanes, rockets and 
submarines, etc, 


| TOPIC PRACTICE 1 | 


OBJECTIVE Type Questions 


1. Huygens’ principle of secondary wavelets may 
be used to 
(a) find the velocity of light in vacuum 
(b) explain the particle’s behaviour of light 
(c) find the new position of a wavefront 
(d) explain photoelectric effect 


2. Which one of the following phenomena is not 
explained by Huygens’ construction of 


wavefront? 
(a) Refraction (b) Reflection 
(c) Diffraction (4) Origin of spectra 
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‘The direction of wavefront of a wave with the 


3. 
tion is 
aE 2 (b) perpendicular 
ins pposite (d)at an angle of @ 


4. Ray diverging from a point source ona 

wavefront are 

(a) cylindrical 

(c) plane 

According to Huygens’ principle, each point of 

the wavefront is the source of 

(a) secondary disturbance 

(b) primary disturbance 

(c) third disturbance 

@ fourth disturbance 

When light is refracted into a denser medium 

(a) its wavelength and frequency both increases 

(b) its wavelength increases but frequency remains 
unchanged 

(c) its wavelength decreases but frequency remains the 


same 
(A) its wavelength and frequency both decreases 


(b) spherical 
(d) cubical 


7. The Doppler effect is produced if 
(a) the source is in motion 
(b) the detector is in motion 
(c) Both (a) and (b) 
(a) None of the above 
8. In the context of Doppler effect in light, the 
term red shift signifies 
(a) decrease in frequency 
(®) increase in frequency 
(c) decrease in intensity 
(d) increase in intensity 


VERY SHORT ANSWER Type Questions 
Foreign 2009 


9. Define a wavefront. 


10. In the given figure, there are two points P and 
, what is the phase difference between them? 


P. 


Q 


IL. State Huygens’ 


rinci: 
Wavelets. Principles of secondary 


12. Ita Plane way, ma prism: 
lan is i 
i ‘avefront is incident o ism, 


n 
draw the refracted wavefront. 


ne " 


raw the wavefront coming out from a convex 
Bs jogs when @ point source of light is placed at its 


focus. Foreign 2009 
J goRT ANSWER Type Questions 
$ 


4. (i) Differentiate between a ray and a wavefront. 
f (i) What is the phase difference between 
two points on a wavefront? 


any 


5 What is the shape of the wavefront on earth for 
sunlight? NCERT Exemplar 


(6. Construct a diagram to show the wave 
" characteristics of light. 


{]. Light of wavelength 5000 A propagating in air 
gets partly reflected from the surface of water, 
How will the wavelengths and frequencies of 
the reflected and refracted light be affected? 

All India 2015 


{8, Consider a point at the focal point of 
convergent lens. Another convergent lens of 
short focal length is placed on the other side, 
What is the nature of the wavefronts emerging 
from the final image? NCERT Exemplar 


19. Discuss Doppler’s effect in the electromagnetic 
waves, 


10. Define a wavefront. Using Huygens’ principle, 
verify the laws of reflection at a plane surface. 
CBSE 2018 


UIs Huygens’ principle valid for longitudinal 
sound waves? NCERT Exemplar 


LONG ANSWER Type I Questions 


Define the following terms and give its source 
of origin. 
) Spherical wavefront 
ti) Plane wavefront 
(ii) Cylindrical wavefront 
* Choose the statement as right or wrong and 
justify, 
) Light is longitudinal wave, which gives ne 
_, Sensation of vision. 
') A wavefront is a continuous locus ofall 
Points in which all particles vibrate in 
different phase. 


i P 
i) Rays of light are always normal to its 
Wavefront. 


24. 


25. 


26. 


27. 


28. 


29. 


30. 


31. 
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Using Huygens’ geometrical construction of 
wavefronts, show how a plane wave gets 
reflected from a surface. Hence, verify laws of 
reflection. [CBSE 2019 Delhi] 


Use Huygens' principle to show how a plane 

wavefront propagates from a denser to rarer 

medium. Hence, verify Snell's law of refraction. 
Delhi, 2015 


Define a wavefront. Use Huygens’ geometrical 

construction to show the propagation of plane 

wavefront from a rarer medium 

(i) to a denser medium. 

(ii) undergoing refraction, hence derive Snell’s 
law of refraction, Foreign 2012 


Use Huygens’ principle to verify the laws of 
refraction. Delhi 2011 


What is the shape of the wavefront in each of 
the following cases? 
(i) Light diverging from point source. 
(ii) Light emerging out of a convex lens when a 
point source is placed at its focus. 
(iii) The portion of the wavefront of light from a 
distant star intercepted by the earth. 
NCERT 
Define the term wavefront. State Huygen’s 
principle. Consider a plane wavefront incident 
ona thin convex lens. Draw a proper diagram 
to show how the incident wavefront traverses 
through the lens and after refraction focusses 
on the focal point of the lens, giving the shape 
of the emergent wavefront. All India 2016 


(i) Use Huygens’ geometrical construction to 
show the behaviour of a plane wavefront, 
(a) passing through a biconvex lens 
(b) reflected by a concave mirror. 

(ii) When monochromatic light is incident on a 
surface separating two media, why does the 
refracted light have the same frequency as 
that of the incident light? 


You have learnt in the text how Huygens’ 
principle leads to the laws of reflection and 
refraction.Use the Huygens’ principle to deduce 
directly that a point object placed in front of a 
plane mirror produces a virtual image whose 
distance from the mirror is equal to the 


distance of the object from the mirror. NCERT 
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32. Give three applicati 
‘ Pplicatior i 
light. ns of Doppler’s effect in 


LONG ANSWER Type I] Questions 


33. (i) State Huygens’ principle. Using this principle, 
draw a diagram to show how a plane 
wavefront incident at the interference of the 
two media gets refracted when it propagates 
from a rarer to a denser medium. 

Hence, verify Snell's law of refraction. 
(ii) Is the frequency of reflected and refracted 


light same as the frequency of incident 
light? Delhi 2013 


34. (i) Use Huygens’ geometrical construction to show 
how a plane wavefront at f = 0 propagates and 
produces a wavefront at a later time. 

(ii) Verify, using Huygens’ principle, Snell’s law 
of refraction of a plane wave propagating 
from a denser to a rarer medium. 

(iii) When monochromatic light is incident on a 
surface separating two media, the reflected 
and refracted light both have the same 
frequency. Explain, why ? Delhi 2013C 


35. (i) Aplane wavefront approaches a plane surface 
separating two media. If medium | is optically 
denser and medium 2 is optically rarer, using 
Huygens’ principle, explain and show how a 
refracted wavefront is constructed? 

(ii) Verify Snell's law. 

(iii) When a light wave travels from a rarer to a 
denser medium, the speed decreases. Does it 
imply reduction in its energy? Explain. 


NUMERICAL PROBLEMS 


36. Light of wavelength 5000 A falls on a plane 
reflecting surface. What are the wavelength and 
frequency of the reflected light? For what angle 
of incidence is the reflected ray normal to the 
incident ray? NCERT 


37. (i) The refractive index of glass is 1.5. What is 
the speed of light in glass? (Speed of light in 
vacuum is 3x 10° ms") 

(ii) Is the speed of light in glass independent of the 
colour of light? If not, which of the two colours 
red and violet travels slower in a glass prism? 

NCERT 


38. The 6563 AH,-line emitted by hydrogen ina 
star is found to be red shifted by 15 A. Estimate 
the speed with which the star is receding from 
the earth. NCERT 


39, The spectral 


40. 
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| line for a given element in light 
received from 4 distant star is shifted towards 
the longer wavelength by 0.032%, Deduce the 
velocity of star in the line of sight. 


Monochromatic light of wavelength 589 mis 
incident from air on a water surface. What arg 
the wavelength, frequency and speed of 

(i) reflected and 

(ii) refracted light? (1 of water is 1.33) Neerp 


| HINTS AND SOLUTIONS 


1. (c) Every point on a given wavefront act as a secondary 
source of light and emits secondary wavelets which 
travels in all directions with the speed of light in the 
medium. A surface touching all these secondary 
wavelets tangentially in the forward direction, gives 
new wavefront at that instant of time. 

2. (d) Huygens’ construction does not explains 
quantisation of energy and it is not able to explain 
origin of spectrum. 

3. (b) Wavefront is a surface perpendicular to a ray buta 
wavefront moves in the direction of the light. 

4. (b) Wavefronts emitting from a point source are 
spherical wavefronts. 


‘Spherical 
Rays are 


perpendicular 
to wavefronts 


Point 9’ 
source’ 
Wavefronts 
are concentric 
spheres 
Light rays 


5. (a) According to Huygens’ principle, each point of the 
wavefront is the source of a secondary disturbance and 
the wavelength emanating from these points spread out 
in all directions with the speed of the wave. 

. : Wavelength is dependent on refractive index mediu™ 

Y 


So, in denser medium, 1, >41 180A, >A) (ie. wavelet 

decreases as the light travels from rarer to denser me 

i c=vA 

() In the case of Doppler's effect, there is a relative 

motion between source and detector. 

® ten Source moves away from the observer, 

etteney observed is smaller than that emitted f% 
‘Ource and (as if light emitted is yellow but it“ 


observed as red) this shift is called red shift. 


Fl 


~ 


oro rt 


i locus of poi ‘ 
yefront is the locus of points (wavelets) h 
9. ce phase of oscillations, ) having the 
s 


ince the two points P and Qare at the same locus of 
40: the source 5, so the phase difference between them 
equals to zero. 
According to Huygens’ principle, 
i @ Each point on the given wavefront is the source of 
secondary disturbance and the wavelet emanating 


from these points spread out in all directions with the 
speed of wave. 


aa surface touching these secondary wavelets, 
tangentially in the forward direction at any instant 
gives the new wavefront at that instant. 


309 or 
dio a? 


Reflection of plane wave by a thin prism 


Incident 
plane wavetront 


13, The wavefront in the given condition is shown below in 


A 


fF 


wavefront 


Refracted Wavefront 


4. Refer to the text on pages 400 and 401. 

15. We know that, the sun is at very large distance from the 
earth. Assuming sun as spherical, it can be considered as 
Point source situated at infinity. 

Due to the large distance the radius of wavefront can be 
considered as large (infinity) and hence, wavefront is 
almost plane. 


cant 


Almost 
plane 
wavelront 


“ Refer to the text on pages 400 and 401. 

_ frequency and wavelength of reflected wave will 
fre, change. The refracted wave will have same 
Pe The velocity of light in water is given by 
wl 

here, y = velocity of light 
J= frequency of light 
thy a = wavelength of light 
deg cty Will decrease, then wavelength (A) will also 
Tease, 


18, 


19. 
20. 
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Consider the ray diagram shown below 


Wavefront 
(spherical) 


The point image I, due to L, is at the focal point. Now, 
due to the converging lens L,, let the final image formed 
be J which is a point image, hence the wavefront for this 
image will be of spherical symmetry. 

Refer to the text on pages 403 and 404. 

Wavefront It is the locus of points (wavelets) having the 
same phase (a surface of constant phase) of oscillations. 
Laws of reflection at a plane surface (On Huygens’ 
principle) : 

Let 1, 2, 3 be the incident rays and1’, 2’, 3’ be the 
corresponding reflected rays. 


Laws of reflection by Huygens’ principle 


Ifc is the speed of the light, tis the time taken by light to 
go from Bto C or Ato Dor E toG through F, then 


poh --li) 
coe 
In AAEF, sini = se 
AF 
In AFGC, sin pot 
FC 


AF sini | FCsinr 
——— 


or 
¢ ¢ 
ACsin r+ AF (sin i —sin r) 
or —————— 


¢ 
(2 FC = AC - AF) 
For rays of light from different parts on the incident 
wavefront, the values of AF are different. But light from 
different points of the incident wavefront should take the 
same time to reach the corresponding points on the 
reflected wavefront. 
So, t should not depend upon AF.1 xis is possible only if 


sin i-sinr=0 
ie, sini=sinr 
or Zi=Zr ~~(i) 


which is the first law of reflection. 
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Bugther, the incident wavefront AB, the reflecting 
surface XY and the reflected wavefront CD are all 
Perpendicular to the plane of the paper. Therefore, 
aie Hat ae to the mirror XY and reflected ray 
in the plane of the paper. This i 
alle a te paper. This is second law of 
2L When we are considering a point source of sound 
wave. The disturbance due to the source propagates in 
spherical symmetry, i.e. in all directions. 


mies 


The formation of wavefront is in accordance with 
Huygens’ principle. So, Huygens’ principle is valid for 
longitudinal sound waves also. 
22. Refer to text on pages 400 and 401. 
23. Refer to text on pages 400 and 401. 
(@) wrong (ii) wrong 
(ii) Right 
24. Refer to the text on pages 401 and 402. 
25. Refer to text on page 402. 
26. Refer to text on pages 400 and 402, 
27. Refer to text on page 402. 
28. (i) Refer to text on page 402. 
(ii) Refer to Q. 13 on page 405. 
(iii) As, the star (ie. source of light) is very far off, ie. at 
infinity, the wavefront intercepted by the earth 
must be a plane wavefront. 


Plane wavefront 
ed ioe 


‘Wavefront 


Rays of light 


29. Refer to the text on pages 400, 401 and 403. 

30. (i) Refer to the text on pages 402 and 403, 
(ii) Refer to the Example 1(i) on page 403. 

SL In the figure, P is a point object placed at a distance r 
from a plane mirror M,M,. With Pas centre and 
PO = ras radius, draw a spherical arc AB. This is the 
spherical wavefront from the object, incident on 


M,M;. 
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32. Refer to text on page 404. 
33. (i) Refer to text on pages 401 and 402. 
(ii) The frequency of reflected and refracted light remains 
same as the frequency of incident light because 
frequency only depends on the source of light. 


34. (i) Refer to text on page 401. 
(i) Refer to text on page 402. 

(iii) Refer to Example 1(i) on page 403. 

35. (i) and (ii) refer to text on page 402. 
(iii) Refer to Example 1(ii) on page 403. 

36. On the reflection, there is no change in wavelength and 
frequency. So, wavelength of reflected light will be 50008. 
Frequency of the reflected light, 

s 
=f = 3X10 6x10" He 
A 5x10 
For i = 45°, reflected ray becomes normal to the incident 
ray. 
37. (i) Here, refractive index, 1 =1.5 
c=3x 10°ms ? 


2x 10°ms* 


(ii) No, the refractive index and the speed of light in 2 
medium depend on wavelength, i.e. colour of light. We 
know that, Hy >[,. Therefore, vyicte < Yred> Hence 
violet component of white light travels slower than the 
red component, 


1 =6563A, AA =+15A and ¢=3x10°ms" 


38, Here, 
Since, the star is receding away, hence its velocity vis 
negative. 
. us 
aw Bde or yo Ae 
c a 
—_ 3x10° x15 A 
=~" =- 6.86x 
esa 86x 10°ms 

Negative sign shows that star is receding away from the 
earth. 


or? optics 


AA 0.032 
gq. He 100 , 
since, the wavelength of light from a star is 
jfting towards longer wavelength side, then AA is 
sitive. Hence, star is moving away from the earth, ie. v 
is negative. 


=-9.610' m/s 
4o. Here, wavelength, A =589nm, 
¢=3x10°mi/s pf =1.33 
(i) For reflected light, 
Wavelength, 4 = 589 nm = 589x10m 


\TOPIC 2. 
Interference of Light 


SUPERPOSITION PRINCIPLE 


Acording to this principle, at a particular point in the 
nedium, the resultant displacement (y) produced by a 
tunber of waves is the vector sum of the displacements 
poduced by each of the waves (Jy Jar) 
PENT FIA Ig te 

Glaty, each wave contributes as if the other wave is not 
Pest The superposition principle which was stated 


fist for mechanical waves is equally applicable to the 


\ Sctromagnetic (light) waves. 


Superposition of waves 


TERE 
Nave ERENCE OF LIGHT 


two Kk 
ft mace Waves of exactly equal frequency having 
tenn |e difference wart. time travelled on same 
ry of seatempose (overlap) with each other, then 


tant wave does not remain uniform in 
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ite 3x10° 

an sis 

2 589x107" 
= 5.09x 10! Hz 


Speed, v=c = 310° m/s 
(ii) For refracted light, 


yr he 3 589% 107 
“ph 133 
= 442x107 m 


As, frequency remains unaffected on entering another 
medium, therefore 
vi =v=5,09x 10" Hz 


8 
Bx = = 2.25x 10° m/s 


c 
+. Speed, v’=—= 
mn 


This phenomenon of formation of maximum intensity at 
some points and minimum intensity at some other points 
by two identical light waves travelling in same direction is 
called the interference of light. 

At the points, where the resultant intensity of light is 
maximum, interference is said to be constructive. At the 
points, where the resultant intensity of light is minimum, 
the interference is said to be destructive. 


First wave 
Resultant wave 


(a) Constructive interference 


Fitst wave 


(b) Destructive interference 
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Theory of Interference of Waves 

Let the waves from two sources of light be represented as 
andy, =4sin (r+) 
where, @ and d are the respective amplitudes of the two 
waves and @ is the constant phase angle by which second 
wave leads the first wave. Applying superposition principle, 
the magnitude of the resultant displacement of the waves is 


Jy =asin or 


JEN tAIe 
> J =asin ort bsin (r+ 9) 
=> Y= asin Or + bsin wt -cos+ bcos wt -sind 
[sin (A+ B) =sin A cos B+cos Asin B} 
=> J =(a+bcos@) sin wr + b sin > cos wt 


Putting 2+bcos$=Acos® and bsing=Asin@ 

we get, 3 =Acos@-sin wrt Asin 8-coswt 

or Jy =Asin (wr +6) 

where, A is the resultant amplitude and @ is the resultant 
phase difference. 


o A=ya?+6? +2abcosd and maga lene 
atbcosd 


Resultant of amplitudes a and b 
As, intensity is directly proportional to the square of the 
amplitude of the wave, i.e. J <a 
So, for two different cases, 
J, =ha?, 1, =hb? 
Ip =kA? = h(a? +b? +2ab cos) 


Tq ay tlyt2yTty cosd 


For constructive interference 
J should be maximum, for which 
cos d = maximu: 
Phase difference, @ = 0, 21, 47, .. 
ie. = 2mm, where n=1,2,... 
If Ax be the path difference between the interfering waves, 
then 


a is 
Ax -Ao-(2) (nn) 
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Ax anh 


=> 
aad 


dition for constructive interference at 4). 
Tete plese difference between the two waves rey 
the point shouldbe zero or an even inceral multe gp 
Faurvalene path difference beoween the two waves ragh2® 
the point should be zero or an integral multiple of ag 
wavelength. 
For destructive interference 
Tshould be minimum, for which 

cos = minimum 

+. Phase difference, 6 = 7 3%, 57, .-. 
o=(Q2n-)T 
n=buw 


ie. 
where, 
The corresponding path difference between the two waves 


ac-(A]o-(5) Qnu-)t 
> x= Qn-0% 


)? 

Hence, condition for destructive interference at a point is 
that, the phase difference between the two waves reaching 
the ‘point should be an odd integral multiple of x or path 
difference between the two waves reaching the point should 
be an odd integral multiple of half wavelength. 


Comparison of Intensities of 
Maxima and Minima 
As, Tmax (46)? and Igiq (4-6)? 


where, r =F (ratio of amplitudes) 


Interference and Energy Conservation 
In the interference pattern, 

Tipax = a+ 6)®, Zig =a — 8)? 
Average intensity of light in the interference patte™ , 


= J rnax tT in i 


= _ Mat by? + haa 
” 7 = 2 


«er 
2p? 
we) = h(a? +52) 


_ of light is simply being rédistributed, ie, energy is 
i fered from regions of destructive intetference to 
pith of constructive interference, 


10! 
te mi rinciple of energy conservation is being obeyed in 


fh of interference of light, 
cP 


MPLE |1| Light waves from two coherent sources 
i intensities J and2J cross each other at a point with a 
a gifference of 60°. What is the resultant intensity at 


ae int? 
at point 
‘a Here, J, = / and I, = 21, 6 = 60° 
+ Resultant intensity, 
Ip =], +1, +2, cos } 


= 1421 +21 x 21 cos 60° 
=31 +12 =1(3+V2)= 44141 


EXAMPLE |2| Light wave from two coherent sources of 
intensities in ratio 64:1 produces interference. Calculate the 
natio of maxima and minima of the interference pattern. 
Sol. Ratio of intensities of coherent sources, 


2 
ie, Ue ? 
Ho 1 aR de 
Wehave, I, <a’, Tray &(a + bY 
and Ty DY, Tuy 2 (a= BY 
3 Ale 6 
Pn ae | 
a8 
= === a=8b 
ba 
So, Faux (a+b) _ (8b+b)? _ 818? 
Thin (a- 6)? (8b-b)? 490" 


NHERENT AND 
.,COHERENT SOURCES 


1 Ot Soy . 
| aby coy cct® ate of two types, ie. coherent and non-coherent 


“Bute. The sources of light which emit light waves of 


° Way 
Ming oe » same frequency and are in same phase or 
"ttc "stant phase difference are known as coherent 
Nias 


YO sy 
Mun utes of light, which do not emit light waves with 
ference are called incoherent sources. 


4] 


Need of Coherent Sources for the 


Production of Interference Pattern 


As discussed earlier, when two monochromatic waves of 
intensity J,, /, and phase difference meet at a point, 
then the resultant intensity is given by 


L=1,+1,+2yl,1, cosd 


Here, the term 2, J, cosd is called interference term. 
There are two possibilities. 

(i) If cos remains constant with time, then the total 
intensity at any point will be constant. The intensity will 
be maximum (//, + {ny at points, where cos is 1 and 


2 ae: . 
minimum (1, - 4{7,)° at points, where cos6 is 1. The 
sources in this case are coherent. 


(ii) If cosd varies continuously with time assuming both 
positive and negative value, then the average value of cos 
will be zero over time interval of measurement. The 
interference term averages to zero, There will be same 
intensity = 7, +, at every point. The two sources in 
this case are incoherent. 


Note In practice, coherent sources are produced either by 
Gividing the wavefront or by dividing the amplitude of the incoming 
waves, 


Requirements for Obtaining Two 
Coherent Sources of Light 


Following are the requirements (conditions) for 
obtaining owo coherent sources of light 
(i) Coherent sources of light should be obtained from 
a single source by some device, 
Two coherent sources can be obtained either by 
(a) the source and its virtual image (Lloyd's 
mirror). 
(b) the two virtual images of the same source 
(Fresnel’s biprism) 
(c) two real images of the same source (Young's 
double slit), 
(ii) The two sources should give monochromatic light, 


(iii) The path difference between light waves from nwo 
sources should be small, 


(iv) Coherent sources can be produced by two methods: 
(a) By division of wavefront (Young's double slit 
experiment). 
(b) By division of amplitude (partial reflection or 
refraction in thin films), 
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YOUNG’S DOUBLE SLIT 
EXPERIMENT 


Suppose S, and S, are two fine slits, a small distance d 
apart. They are illuminated by a strong source S of 


monochromatic light of wavelength 2. MN isa screen at a 
distance D from the slits. 


Young's double slit arrangement to produce interference pattern 


Consider a point P at a distance y from O, the centre of 
screen. 


The path difference between two waves atriving at point P 
is equal to S,P —S,P. 
Now, 


dy dy 
in? 15.7%] *+(y4) }e+6-4) 
=2yd 
2yd 
, 5,25, = 
Hs SP = Si S,P+S,P 
Bur S,P+S,P=2D 
4 
5,P-S,P == 
2: 1 D 
For constructive interference (Bright fringes) 


Path difference = & =n, where, n=0, 1,2,3,... 


nDh 
——— “n=O, 1,2,3,... 
IEG [vn ] 
Hence, for 7 =0, y9 =0 at O central bright fringe 
forn=1, yy, = a for 1st bright fringe 
forn=2, 9.5 a for 2nd bright fringe 
hiien. gS a for nth bright fringe 
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ion between two consecutive bright 
The separation ane ee DDL ‘Dh 
fringes is B= 


For destructive interference (Dark fringes) 


4 a 
Path difference = s =Qn-D> 


OF y= 0n-9 2, where, n= 1,2,3,., 
A. 
Yienee,| forma, yf= 2 for Ist dark fringe 
forn=2, y3= 7B for 2nd dark fringe 


Dh 
forn=n, yf = Qn—1) = for nth dark fing 


The separation between two consecutive dark fringes is 


= n= 2 (any walt 


2d d 


Fringe Width 
The distance between two consecutive bright or datk 
fringes is called fringe width W, 


~. Fringe width, 


‘The above formula is free from n that means the width ofall 
fringes is same. 


Fringe width is directly proportional to 4. Hence, the 
fringes of red light (longer wavelength) are broader than the 
fringes of blue light (shorter wavelength). 


Intensity of the Fringes 
For a bright fringe, 6 = 2nn 

and 
So, 


cosh =cos2nm =1 
Tp = Tiga =, + Ly + 2ufTyhy 24 
{as, J; =J,=Jin yDsE] 
+ Intensity of a bright fringe = 47 
Fora dark fringe, = (2n— I) 
=> 
So, 


cosh =— 1] 
Tp= 


win = 1) +1 —2J Tyg =9 

“, Intensity of a dark fringe =0 

Note if Yose apparatus is Immersed in a liquid of refractive inde! Bs 
then wavelength of tight and hence fringe width decreases # time 


ove optics 
jeribution of Intensity 


distribution of intensity in Young's double slit 
he iment 1S shown below 
off 


gyitatensY 


fey without interference) 


yp 


sacs ing oe ore) 
et 


pre 3N2-h -N2 
hg -3n - eR = 7 


N2 i 32 2),-Path difference 
n 2x Sn dx -Phase difference 


pelation among Intensity, Amplitude of the 
wave and Width of the Slit 


1M and W, are widths of two slits from which intensities 
oflight 7, and /, emanate, then 


where, a and bare the respective amplitudes of two waves, 


EXAMPLE [3] Two slits are made one millimetre apart 
and the screen is placed one metre away. What is the fringe 
separation when blue-green light of wavelength 500 nm is 
used? NCERT 
Sol. Here,d = lnm =1x10%m, D=1m, 


A =500nm = 500x107" m =5x107m 


As, fringe width, B = m 


_1x5x107 
1x10° 
=0.5 mm 


=5x10‘m 


AMPLE [4] In Young's experiment, the width of 
¢ fringes obtained with light of wavelength 6000 A is 
iim What will be the fringe width, if the entire 
tus is immersed in a liquid of refractive index 1.33? 
p= De 
d 


Sol as 


fad 
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EXAMPLE |5| Distance between the slits, in YDSE, 
shown in figure is d = 20 2, where A. is the wavelength of 
light used. 


Find the angle 6, where 
(i) central maxima (where path difference is zero) is 
obtained, 
(ii) third order maxima is obtained. 
Sol. Ray 1 has a longer path than that of ray 2 by a distance 
d sin 45°, before reaching the slits. Afterwards ray 2 has 
a path longer than ray 1 by a distance d sin®. The net 
path difference is therefore, d sin® —d sin 45°. 


(i) Central maximum is obtained, where net path 
difference is zero, 


dsin@—d sin4s° =0 => 8=45° 
(ii) Third order maxima is obtained, where net path 
difference is 3, ie. 


d sin® ~dsin45° = 3, 
> sind = sins? + 
Putting d=20, we have 
sin® = sin45° + aan: 
20; 
@= 59° 


Conditions for Sustained Interference 


In order to obtain a well-defined observable interference 
pattern, the intensity at points of constructive and 
destructive interference must be maintained maximum and 
almost zero, respectively, 
For this, following conditions must be satisfied 
(i) The two sources producing interference must be 
coherent. 


(ii) The wo interfering waves must have the same plane of 
polarisation, 

(iii) The two sources. must be very close to each other and 
the pattern must be observed at a larger distance to 


have sufficient width of the fringe (4) . 


(iv) The sources must be monochromatic, otherwise the 
fringes of different colours will overlap. 

(v) The two waves must be having same amplitude for 
better contrast between bright and dark fringes, 
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Fringe Shift 
If refracting slab of thickness ¢ is placed in front of one of the 
two slits of Young's double slit experiment, then fringe 
pattern gets shifted by 7 fringes and is given by 
Qu-)r=nd 

If both slits are covered by refracting surfaces of thicknesses f, 
and r, and refractive indices (i113), then fringe pattern gets 
shifted by » fringe and is given by 

(ty — My) e=nd 


Note The topic Young's double slit experiment has been asked 
frequently in the previous years 2015, 2014, 2012, 2011, 


TOPIC PRACTICE 2| 


OBJECTIVE Type Questions 


1. Athin film of oil is spread on the surface of water. 
The beautiful colours exhibited in the light of sun 
is due to 
(a) dispersion of light _ (b) polarisation of light 
(c) interference of light (4) diffraction of light 


2. The phase difference between the two light 
waves reaching at a point P is 100z. Their path 
difference is equal to 
(a)10A — (b) 250° (c) 50% 


3. Inthe phenomenon of interference, energy is 
(a) destroyed at destructive interference 
(b) created at constructive interference 
(c) conserved but it is redistributed 
(d) same at all points 


(d)1002 


4. Two light waves superimposing at the mid-point 
of the screen are coming from coherent sources 
of light with phase difference n rad. Their 
amplitudes are 2 cm each. The resultant 
amplitude at the given point will be 
(a)8cm = (b)2cm (c)4cm (d) zero 

5. The ratio of maximum and minimum intensities 
of two sources is 4 : 1. The ratio of their 
amplitudes is : 

(a)1:81  (b)3:1 (c) 1:9 (d) 1:16 

6. The interference is produced by two waves of 
intensity ratio 16: 9, The ratio of maximum and 
minimum intensities in interference pattern is 
(a) 4:3 (b) 49:1 
(c) 25:7 (d) 256: 81 
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7. Two identical and independent sodium lamp, 
act as 
(a) coherent sources 
(0) Either (a) and (b) 
8. In Young's double slit experiment, distance 
between slits in kept | mm and a screen is kepy 
1m apart from slits. If wavelength of light 
used is 500 nm, then fringe spacing is 
(a) 0.5 mm (b) 0.5 cm (c) 0.25 mm = (d) 0.25 em 


9. Ina Young's double-slit experiment, the 
source is white light. One of the holes is 
covered by a red filter and another by a blue 
filter. In this case, NCERT Exemplar 
(a) there shall be alternate interference patterns of 
red and blue 

(b) there shall be an interference pattern for red 
distinct from that for blue 

(0) there shall be no interference fringes 

(d) there shall be an interference pattern for red 
mixing with one for blue 


(b) incoherent sources 
(d) None of these 


VERY SHORT ANSWER Type Questions 


10, Define the term “coherent sources” which are 
required to produce interference pattern in 
Young's double slit experiment. 


Ul. Why we cannot obtain interference using two 
independent sources of light? 


12. How will the fringe pattern change, if the 
screen is moved away from the slits? 


13. How does the fringe width in Young's double 
slit experiment change when the distance of 
separation between the slits and screen is 
doubled? All India 2012 


14, Ifthe source of light used in Young's double 
slit experiment is changed from red to violet, 


what will happen to the fringe? 


15. 


How does the angular separation of 
interference fringes change in Young's - 
experiment, if the distance between the slits 8 
increased? Delhi 2008 
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In Young's double slit experiment, the 
intensity of central maxima is [. What will be 
the intensity at the same place, if one slit !s 
closed? 


17. Ina moving car, radio signals are interrupte? 
sometimes, Why? 


or? opti 


ont ANSWER Type Questions 


quoi ght waves of amplitudes @ and binterfere 
8, with acd other. Calculate the ratio of 
intensities of a maxima to that of a minima, 


What are the conditions for obtaining two 
; coherent sources of light? 


10. In Young's double slit experiment, the two slits 
are illuminated by two different lamps having 
same wavelength of light. Explain with Teason, 
whether interference pattern will be observed 
onthe screen or not. All India 2017 C 
How will the interference pattern in Young's 
double slit experiment get affected, when 
(i) distance between the slits S, and S, reduced, 


(ii) the entire set up is immersed in water? 
Justify your answer in each case. Delhi2011 


4. 


22. In Young's double slit experiment, two coherent 
sources S, and S, are placed at a distance D 
from screen, such that a bright fringe is 
obtained at a distance x from the centre line of 
screen, Give the value of x for which there is a 
bright fringe. 


B. Consider a two slit interference arrangement 
(shown in figure) such that the distance of the 
Screen from the slits is half the distance 
between the slits, Obtain the value of D in terms 
of’ such that the first minima on the screen 
falls ata distance D from the centre O. 

Ts 
P 
0 
Ts 
4 NCERT Exemplar 


Give four conditions for obtaining sustained 
% Merference, 


I ty, ne 
‘Wo waves of equal intensities fy = I) = Joy 


eet at two locations P and Q with path 
a ences A, and A,, respectively. What will be 
Tatio of ti ity at points 
% P andor Tesultant intensity at p' 
* Angyy, . 
( Wer the following questions: 
; hen alow flying aircraft passes overhead, 
‘€ Sometimes notice a slight shaking of the 


icture on our TV screen. Suggest a possible 
®Xplanation, 
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(ii) As, you have learnt in the text, the principle 
of linear superposition of wave 
displacement is basic to understanding 
intensity distributions in diffraction and 
interference patterns, 

What is the justification of this principle? 
NCERT 


LONG ANSWER Type I Questions 


27. (i) Why are coherent sources necessary to 


produce a sustained interference pattern? 
(ii) In Young's double slit experiment using 
monochromatic light of wavelength 2 , the 
intensity of light at a point on the screen, 
where path difference is 4 , is K unit. Find 
out the intensity of light at a point, where 
path difference is 4/3. Delhi 2012, NCERT 


28. Choose the statement as right or wrong and 


justify. 

(i) For a coherent source, initial phase 
difference between two sources must have 
same finite value. 

(ii) Resultant intensity of interference is given 
by Ip = T+ I)+ 2 II, cos9. 

(iii) Two independent light bulbs fail to produce 
interference. 


29. In Young's double slit experiment, derive the 


condition for 

(i) constructive interference and 

(ii) destructive interference at a point on the 
screen. 


30. In Young’s double slit experiment, describe 


briefly how bright and dark fringes are obtained 
on the screen kept in front of a double slit. 
Hence, obtain the expression for the fringe 
width. 


31. The intensity at the central maxima (0) ina 


Young's double slit experiment is Jp, If the 
distance OP equals one-third of fringe width of 
the pattern, show that the intensity at point P 


would be 1p/4. 


—] 


Foreign 2011 
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32. (a) If one of two identical slits producing 
interference in Young's experiment is covered 
with glass, so that the light intensity passing 
through it is reduced to 50%, find the ratio of 
the maximum and minimum intensity of the 
fringe in the interference pattern. 

(b) What kind of fringes do you except to observe, 
if white light is used instead of 
monochromatic light? 


LONG ANSWER Type II Questions 


33. (i) What is the effect on the interference fringes to 

a Young's double slit experiment when 
(a) the width of the source slit is increased? 

(b) the monochromatic source is replaced by a 
source of white light? Justify your answer in 
each case. 

Gi) The intensity at the central maxima in Young’s 
double slit experiment set up is Ig. Show that 
the intensity at a point, where the path 
difference is 4/3 is Ip/4. Foreign 2012 


CBSE 2018 


34. (i) Consider two coherent sources S, andS, 
producing monochromatic waves to produce 
interference pattern. 

Let the displacement of the wave produced by 
S, be given by Y, = acoswr and the 
displacement by S, be Y, =acos(wt + 4). 

Find out the expression for the amplitude of 
the resultant displacement at a point and show 
that the intensity at that point will be 


1 =4a*cos?® 
cos? 


Hence, establish the conditions for 
constructive and destructive interference, 

(ii) What is the effect on the interference fringes 
in Young's double slit experiment when 
(a) the width of the source slit is increased; (b) 
the monochromatic source is replaced by a 
source of white light? Delhi 2015 


35. (i) (a) Two independent monochromatic 
sources of light cannot produce a sustained 
interference pattern. Give reason. 

(b) Light waves each of amplitude a and 
frequency w, emanating from two coherent 
light sources superpose at a point. 

If the displacements duc to these waves is 
given by y, =acoswt and y, =acos (wt + 9), 
where, @ is the phase difference between the 
two, obtain the expression for the resultant 
intensity at the point. 
(ii) In Young’s double slit experiment, using 
monochroniatic light of wavelength A, the 


36. 


37. 
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intensity of light at a point on the Screen, 
where path difference is 2. is K units, Fin 
out the intensity of light at a point where 
path difference is 4/3. All India 2014 


State the importance of coherent sources in 
the phenomenon of interference. In Young's 
double slit experiment to produce 
interference pattern, obtain the conditions 
for constructive and destructive interference, 
hence deduce the expression for the fringe 
width. How does the fringe width get affecteg 
if the entire experimental apparatus of . 
Young’s double slit experiment is immersed 
in water? All India 2011 


(i) Ina Young's double slit experiment, 
derive the conditions for constructive and 
destructive interference. Hence, write the 
expression for the distance between two 
consecutive bright or dark fringe. 

(ii) What change in the interference pattern 
do you observe, if the two slits S,andS, 
are taken as point sources? 

(iii) Plot a graph of intensity distribution 
versus path difference in this experiment. 


NUMERICAL PROBLEMS 


38. 


39. 


A 


42. 


Light waves from two coherent sources 
having intensities J and 4] cross each other at 


a point with a phase difference of 90°. What 
is the resultant intensity at that point? 


Light waves from coherent sources arrive at 
two points on a screen with path difference of 
O and 4/2 Find the ratio of intensities at the 
points. All India 2017¢ 


Ina double slit experiment using light of 
wavelength 600 nm, the angular width of the 
fringe formed on a distant screen is 0.1°. Find 


the spacing between the two slits, NCERT 


In Young's double slit experiment using light 
of wavelength 630 nm, angular width of a 
fringe formed on a distant screen is 02°. 
What is the spacing between the two slits? 


In Young's double slit experiment, the slits 
are separated by 0.28 mm and the screen is 
placed 1.4 m away. The distance between the 
central bright fringe and the fourth bright 
fringe is measured to be 1.2 cm, determine | . 
wave! i i iment. 
length of light used in the experi nT 


wave Optics 


43. 


44. 


45. 


47, 


48, 


49, 


50, 


‘The amplitudes of light waves from two slits in 
Young's experiment are in ratio 2:1, what is the 


ratio of slit widths? 


Widths of two slits in Young’s experiment are in 
the ratio 4: 1, What is the ratio of the amplitudes 
of light waves from them? 


Abeam of light, consisting of two wavelengths 
560 nm and 420 nm, is used to obtain 
interference fringes in a Young's double slit 
experiment. Find the least distance from the 
central maxima, where the bright fringes due to 
both the wavelengths coincide. The distance 
between the two slits is 4 mm and the screen is at 
adistance of lm from the slits. Delhi2010C 


. Abeam of light consisting of two wavelengths 


650 nm and 520 nm, is used to obtain 
interference fringes in a Young's double slit 
experiment. 

(i) Find the distance of the third bright fringe on 
the screen from the central maximum for 
wavelength 650 nm, 

(ii) What is the least distance from the central 
maximum, where the bright fringes due to 
both the wavelengths coincide? NCERT 


Abeam of light consisting of two wavelenghts, 
800 nm and 600 nm is used to obtain the 
interference fringes in a Young's double slit 
experiment on a screen placed 1.4 m away. If the 
two slits are separated by 0.28 mm, calculate the 
least distance from the central bright maximum 
where the bright fringes of the two wavelengths 
coincide. All India 2012 


Laser light of wavelength 630 nm incident ona 
Pair of slits produces an interference pattern in 
which the bright fringes are separated by 7.2mm. 
Calculate the wavelength of another source of 
laser light which produce interference fringes 
Separated by 8.1 mm using same pair of slits, 

All India 2011 


In a Young's double slit experiment, the angular 
width of the fringe is found to be 0.2° ona screen 
placed 1 m away. The wavelength of light used is 
600 nm. What will be the angular width of the 
fringe, if the entire experimental apparatus is 
immersed in water? Take, refractive index of 
water to be 4/3, NCERT 


The ratio of the intensities at minima to the 
maxima in the Young’s double slit experiment is 


51. 
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9:25. Find the ratio of the widths of the two 
slits. All Indla 2014 
Tn Young's double slit experiment, the two slits 
0.15 mm apart are illuminated by 
monochromatic light of wavelength 450 nm. 
‘The screen is 1 m away from the slits. 

Find the distance of the second 

(i) bright fringe. 

(ii) dark fringe from the central maxima. 


HINTS AND SOLUTIONS 


|. (c) The light reflected from the oil film produced two 


coherent waves and these waves are superposed 
(interference) and produce beautiful colours. 


. (c) Given, Ad = 1007 


We know, change in phase difference, 
an 
ie, Ag=— x Ax 
i h 
where, Ax = path difference 


=> dx = Ax =100nx + =50n 
an on 


. (c) In the phenomenon of interference, energy in 


conserved but it is redistributed. 


. (d) Resultant amplitude 


A=yAl+A}+2A,A, cos 


Here Ay=A,=2em = $=mrad 
A=y(2)' +(2)? +2x2x2xcos 
A=/4+4-8 or A=0 

. b)Given, Lm = 4 

Tia 1 
I 1y 4 
Weknow, <m=[/*!| 4 
Trin (r-1) 1 
r+1_2 
> —s=- 
r-1 1 
=> r+1=2r-2 or r=3 


~. The ratio of amplitudes A =r=3 
2 


Hence, 4 =3or 3:1 


" 


. (b) Let the intensities of two waves is J, and J, 


respectively. Given, I,:], =16:9 
2 2 

Ala 4 $-4 

Lad 9 a 
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10. 


12 


13. 


14. 


15. 


ie., 
(b) Two identical and independent sodium lamps (ice., 
two independent sources of light) can never be coherent. 


Hence, no coherence between the light emitted by 
different atoms. 


. (a) Fringe spacing, 


pa Dh 1x5x107 
d 110% 


(1nm=10” m) 
=5x10% m=0.5 mm 


(c) For the interference pattern to be formed on the 
screen, the sources should be coherent and emits lights 
of same frequency and wavelength. 

In a Young's double-slit experiment, when one of the 
holes is covered by a red filter and another by a blue 
filter. In this case due to filteration only red and blue 
lights are present. In YDSE monochromatic light is used 
for the formation of fringes on the screen. Hence, in this 
case there shall be no interference fringes. 


Those sources of light which emit light waves of same 
wavelength, same frequency and are in same phase or 
having constant phase difference are called coherent 
sources. 

This is because two independent sources of light cannot 
be coherent, as their relative phases are changing 
randomly. 


With increase of D, fringe width also increases as, 


Dh 
ane 
or BoD 
As we know that, fringe width, 
B = 4D 
a 
Here, D’=2D 
So, (AO 
d 
=> B’= 28 


If the source of light used in Young's double slit 


experiment is changed from red to violet, then their 
consecutive fringes will come closer. 


Angular separation decreases with the increase of 
separation between the slits as, @ ae 


where, d = separation between two slits. 
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1 
16. When one slit is closed, amplitude becomes 3 and hence 


intensity becomes ah and there will be no interference. 


17., While moving in a car, there are periodic interruptions 
ina radio signal that we hear. It occurs on account of 
interfering of the radio waves, i.e. a common form of 
interference called multi path interference. 

18. Refer to the text on page 410. 


19. Refer to the text on page 411. 


20. No, interference pattern will be observed on the screen. 


This is because, the source will serve as incoherent 
sources. For details refer to text on page 411. 
21. 


(i) The fringe width of interference pattern increases 
with the decrease in separation between S, and S, as 


1 
ee 
(ii) The fringe width decreases as wavelength gets 


reduced, when interference set up is taken from air to 
water as, Boa 


22. 


For a bright fringe, path difference = nh 


on et 
D 


and so 


iecir syne me. where n=1,23,... 


x, = 22, when n=1 


d 
and ox, = a when n=2 


23, From the given figure, of two slit interference 
arrangement, we can write 


T,P=T,0+OP=D+x 
and’ 7,P=T,0-OP=D-x 


S\P = Y(S, T,) +(PT,) = [p? +(D- x) 
and $,P = \(S,T,) +(T,P) =D? +(D+ xP 


The minima will occur when $,P ~ $,P = (2n—1) 
2 
ie. (DP +(D+ x)? - [DF +(D~ yee oR 
2 


(for first minima, n=1) 


If x =D, we can write, (D*+ 4D*}"_[p? au 


+o}? =f 


gfave OPtICS 
2 (sp?}? - [D*}!” -4 
ot 5D - p-% 
a 
D(¥5 -1)=2/2or D= 
= as =1) 
patting v5 = 2.236 
3 V5-1 = 2.236 -1 = 1.236 


94. Refer to the text on page 413. 
max 


Tag _ (0 +1) 

» formula, 2 = ——— 

95. By form la, Te (r= 

46. (i) We notice a slight shaking of the picture on our TV 

screen because a low flying aircraft reflects the TV 

signal and there may be an interference between the 

direct signal and the reflected signal which results in 
shaking. 

(ii) The superposition principle follows the linear 
character of the differential equation governing wave 
motion. If y, and y, be the solutions of wave 
equation, so there can be any linear combination of y, 
and y,. When the amplitudes are large and 
non-linear effects are important, then the situation is 
more complicated. 

27. (i) Refer to text on page 413. 
(i) Intensity of light at a point on the screen is given by 
1, =1, +1, +2Yh, cos > 


[Ans, 1:1] 


For the path difference A, phase difference is 2m. 
As, sources are coherent and taken out of the same 
source in Young’s double slit experiment, 


I=I,=1 
> I,= 21 + 2I cos 20 
> I,=4l 
=> 41 = K unit wali) 


u 
For the path difference, ~ corresponding to phase 
difference of = 


Iy= 21+ 20c0s = 21 -1=1 aii) 
From Eqs. (i) and (ii), we conclude 
In= 4 unit 
28. (i) Refer to text on page 411, 
(ii) Refer to text on page 410. 
(iii) Two independent light bulbs are an example of 
incoherent sources of light and hence fail to produce 
interference. For details, refer to text on page 437. 
9. Refer to text on page 410. 
0. Refer to text on page 412. 
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31. Given, OP = y, 
The distance OP equals one-third of fringe width of the 
pattern. 
ie 
sy 
Path difference = $,P—$,P=2¥= =» 
D3 


-. Phase difference, 9 = = x path difference 


If intensity at central fringe is J), then intensity at a point 
P, where phase difference 6, is given by 


T= I, cos’ 


Hence, the intensity at point P would be 4 


32. (a) Given, 1, = J, 
1, = 50% of I, 


I 
ie, 1, = rs 
Now, ratio of maximum and minimum intensity is 
given as 
Jags (+ Ve) 
Trin ve 


slo) nf asad 
7 Ve-1) 3-22 


_(a+2v2) (3422) __(+2V2)" 
“\3- a2) (3+22) @) -(2v2)" 
=17 +122 


(b) When a white light source is used, the interference 
patterns due to different component colours of white 
light overlap incoherently. The central bright fringe 
for different colours is at centre. 

So, central bright fringe is white. 
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AS Aniue < Aroq, fringe closest on either side of central 3G. Refer to text on page 411, 
bright fringe is blue and the farthest is red. Refer to text on pages 410 and 412. 


After few fringes, no clear pattern of fringes will be Refer to Q. 21 (ii) on page 415. 


visible. 37. Refer to text on pages 410, 412 and 413. 


a 
33. (i) (a) For interference fringes to be seen, = < ~ 38. 51, refer to Example 1 on page 411. 
= 2 
condition should be satisfied where, s = size of the 39. As, I= Ip cos’ 
source and d = distance of the source from the plane of Phase diffedence, = 2% 
two slits. As, the source slit width increases, fringe % 


pattern gets less and less sharp. When the source slit is 
so wide, the above condition does not get satisfied and 
the interference pattern disappears. 

(b) The interference pattern due to the different 
colour components of white light overlap. The and 
central bright fringes for different colours are at 
the same position. Therefore, central fringes are 
white. And on the either side of the central fringe 
(ie. central maxima), coloured bands will 
appear.The fringe closed on either side of central 
white fringe is red and the farthest will be blue, 4, 
After a few fringes, would be clear fringe pattern 
is seen, 

(ii) Refer to Q. 31 on page 415. 
34. (i) Given, the displacements of two coherent sources Thom angular width, => 

¥, =acos @tand y, = acos(wt +d) d 

By principle of superposition, 

¥, + ¥2 = acos ct + acos(cot + o) 


So, 


. Here, 4 = 600 nm = 600 x10 m =6x107 m 


0. 
= 01s rad 
180 


= 344 x10 m 


8 oT 
acos Wt + acos Wt cos } — asinwtsind is0 


(1+ cos )cos et + (—asin >)sinort 
a(1 + cos ¢) = Acos® 
asin @ = AsinO 


41. Angular width, 6 = B 


y = AcdsOcos ot ~ Asin@sinot Here 02°. 30mm = 65054107 
= y= Acos(wt +8) alii) sg 880210" x80 


=180x10'm 
Squaring and adding Eqs. (i) and (ii), we get 
(Acos6)’ +(Asind)* 42. 
(1+ eos 6)? +(asin9)* A*(cos?6 + sin’ @) 
=a°(1 + cos? + 2cos ¢)+ usin? d 
= A x1 =a? +a? + 20° cos = 20%(1 + cos b) 


= Ats 24'(200072) =4a° coe'(2) 
2 2 


O2xn 

- Here, slit width, d = 0.28 mm= 
Distance between slit and screen, D 
y=l2em=12%x 10% m,n= 


x 107 m 


For constructive interference, y = nd 2 ora = 24 


1.2% 107? x 0.28x 103 
212% 107 x 0.28% 107 
If is the resultant intensity, then I = 4a? cos? 2 pi 

2 43. Weknow that, 


=6x 107m 


Refer to text on page 434 for conditions for constructive 
and destructive interference. 


(ii) (a) Refer to Q. 21 (i) on Page 415 (b) Q. 32 (b) on = 
page 416. 
35. (i) (@) Two independent monochromatic sources of light W, 
cannot produce a sustained interference patiern 44+ We know that “t 


because their relative phases are changing 
randomly. When d is negligibly small, fringe 45» 
width B which is proportional to 1/d may become 
too large. Even a single fringe may occupy the 
screen. Hence, the pattern cannot be detected, 4, =560 nm, A, = 420 nm 
(b) Refer to Q. 34 (i) on page 416. Let nth order bri 


ight fringe of 4, coincides with 
Gucceen: (n+1)th order bright fringe of h,. 


Given, distance between the screen and slit, D = 1™ 
Slit width, = d=4x109 m 


gave Otis 
Dn, _ D(n+i)d 
<P ge 2 (A, > 42) 
S na, =(n+1) A, 
aad dy 
- nay 
9 
1_MOxW atid 
n  420X10 3 
n=3 


Least distance from the central fringe where bright 
fringe of two wavelengths coincides 
= distance of 3rd order bright fringe of 4, 
_3DA, _ 31% 560x107 


ar 4x10" 
= 042 x 107 m 
Yq = 0.42 mm 


3rd bright fringe of ., and 4th bright fringe of 4 
coincide at 0.42 mm from central fringe. 
46. Here, 2., = 650 nm= 650% 10” m, 
4) = 520 nm= 520 107 m 
Suppose, d =distance between two slits 
D=distance of screen from the slits 
(i) For third bright fringe, n =3 
2 
‘da 
=3x 6502 nm = 19502 nm 
d d 
(ii) Refer to Q. 33 of topic practice 2. on page 416. 


D 
= 2600—nm 
Se 


ym 


47. 12mm; refer to Q. 45 on page 417. 
48, i ion, Bu = At 
. According to the question, = = —> 

2 


B 


[-- Dand d are same] 
Here, B, = 7.2 x10? m,B, = 81 x10? m 
and 2, =630x10° m 
Wavelength of another source of laser light, 


ago Pexhy 
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81x10 A 
= —— x 630x107 m 
7.2% 10 
1, = 708.75 x10 m 
= 708.75 nm 
49. Here, 8, =0.2°,D =1m,A, =600nm,p =4/3 


Angular width of a fringe, @ = 


st=x-s= = 

Ww, BP 1 

51. (i) The distance of nth order bright fringe from central 
fringe is given by 


For second bright fringe, 
_ 2DA _2X1X45X107 
ar ttt 
yy =6X10° m 
The distance of the second bright fringe 
y, =6mm 
(ii) The distance of nth order dark fringe from central 
fringe is given by 
DA 
" =(2n-1)— 
Yq = (2-1) 


For second dark fringe, n= 2 


(2x 2-1) 2h 
Mn ad ad 
7 
an yh ed IEW gsx10°%m 
"2 15x10" 


. The distance of the second dark fringe 
y, = 45mm 


| TOPIC 3 | 
Diffraction of Light 


DIFFRACTION OF LIGHT 


The phenomenon of bending of light around the sharp 
comers and the spreading of light within the geometrical 
shadow of the opaque obstacles is called diffraction of light. 
The light thus deviates from its linear path. The deviation 
becomes much more pronounced, when the dimensions of 
the aperture or the obstacle are comparable to the 
wavelength of light. 


. Diffracted 
tncigent li Die Incident | “wave 
i |' ae || 

‘Screen! 
a>d a=h 

Diffracted 
. wave 

Incident | 

wave L 

t ) 
al q 


ack 
Diffraction of waves for slits of different width 


Note Diffraction is a general characteristic exhibited by all typas of 
waves. For visible light, 2 is very small (= 10° m). 

Therefore, ditraction of visible light is not so common as 
obstacles/apertures of this size are hardly avallable. 

‘According co Fresnel, diffraction occurs on the account of 
mutual interference of secondary wavelets starting from 
portions of the wavefront which are nor blocked by the 
obstacle or from portions of the wavefronc which are 


allowed to pass through the aperture, 
Diffraction of Light at a Single Slit 


A parallel beam of light with a plane wavefront is made to 
fall on a single slit LN, As width of the slit LV = a is of the 
order of wavelength of light, therefore diffraction occurs 
when beam of light passes through the slit. 


The wavelets from the single wavefront reach the centre C 
on the sereen in same phase. Hence, interfere constructively 
to give central maximum (bright fringe). 

‘The diffraction pattern obtained on the screen consists of 
central bright band, having alternate dark and weak bright 
bands of decreasing intensity on both sides. 


Beam of 
Light from source a 


Geometry of single slit diffraction 


Consider a point P on the screen at which wavelets travelling in a 
direction, make'an angle 6 with MC. The wavelets from points L and 
N will have a path difference equal to NQ. 


From the right angled A LQ, we have 
NQ=LEN sin® 

or NQ=asin® 

To establish the condition for secondary minima, the slit is 

divided into 2, 4, 6,... equal parts such that corresponding 

wavelets from successive regions interfere with path 

difference of 4/2. 


Or for nth secondary minima, the slit can be divided into 
2n equal parts. 


Hence, for nth secondary minima, 


Path difference = © sin 8 = A 
2 2 


or 


To establish the condition for secondary maxima, the slit is 
divided into 3, 5,7, ... equal parts such that corresponding 
wavelets from alternate regions interfere with Pa 
difference of 4/2. 


ove Optics 


for nth secondary maxima, the slit can be divided into 
fo 


or 1) equal parts. 


(et A 
ees for nth secondary maxima, 
d 

asin 9, =(2n+ 1) ey [n= 1,2,3,.] 
o 
Hence the diffraction patrern can be graphically shown as 
below 

x x 


3. -2R -h CO} 2 Sh 
Path difference (sin 8) 


The point C corresponds to the position of central maxima, 
And the position —31,-2A,-A, A, 24,34... are secondary 
minima. The above conditions for diffraction maxima and 
minima are exactly reverse of mathematical conditions for 
imerference maxima and minima. 


Width of Central Maximum 


It is the distance between first secondary minimum on 
either side of the central bright fringe C. 


For first secondary minimum, 


asin@=A or dnoem (i) 
a 
UGissmall sin @=8 = wali) 
From Eqs. (i) and (ii), we get 
Joey aD 
Da d a 
2Dd 


| Width of central maximum = 2 y=—— 
a 


As, the slit width a increases, width of central maximum 
lecreases, 


i anu width of central maxima, 20 = 2h 
a 


EXAMPLE |1| A beam of light whose wavelength is 
‘000 A is diffracted by a single slit of width 0.2 mm. Give 
angular position of the second minima. 
OL. Given, wavelength, 2 =4000 A 
Slit width, a = 0.2 mm = 0.2x10"'m 
Width of second minima =? 
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For nth minima, asin® = nd, 
0.2% 10° sin® = 2 4000 10°” 
For 0 to be very small; sin ~ 6 
_ 2x S000 19° 
“0.24107 


= 4x10" rad 


EXAMPLE |[2| A slit 4 cm wide is irradiated with 
microwaves of wavelength 2 cm. Find the angular spread of 
central maximum, assuming incidence normal to the plane 
of the slit. 
Sol. Here, a=4em = 4x 107 m, 
he2em = 2x10? m 
. Angular spread of central maximum (2) is 
a 4x10? 


EXAMPLE |3| Angular width of central maximum in 
the Fraunhoffer diffraction pattern of a slit is measured. 
The slit is illuminated by light of wavelength 6000 A. 
When the slit is illuminated by light of ano’ 
wavelength, then the angular width decreases by 30%. 
Calculate the wavelenath of this light. The same decrease 
in the angular width of central maximum is obtained when 
the original apparatus is immersed in a liquid. Find the 
refractive index of the liquid. 


Sol. Angular width of central maximum = —* 
a 


2, =600nm, 8, = ean li) 
a 
2 
6, =8, xo7= 24 (8) 
a 
On dividing Eq. (i) by Eq. (ii), we get 
1 ok, _ 600 
Wavelength, 4, =420nm 
When immersed in liquid, 4, = A, At 
Q, =8, 0.7 (iti) 
=> By At 2 7 
a a 
tay 
0.7 ' 
» Refractive index of the liquid, 
10 
Ws = 142 
! 7 


EXAMPLE [4] Intensity curve for a single slit 
diffraction pattern is shown below, Find the ratio of the 
intensities of the secondary maxima to the intensity of 
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the central maximum for the single-slit Fraunhofer 
diffraction pattern. 


> 


who 


-2n = x 2x 


Sol. To a good approximation, the secondary maxima lie 
midway between the zero points. From figure, we see that 
this corresponds to B/2 values of 31/2, 5m/2,7/2, 

Ral [= al tnd 


Ty (31/2) ona 
: 2 
and 2/8 GRA) tg oug 
ly 5n/2 2574 


ie. the first secondary maxima (the ones adjacent to the 
central maximum) have an intensity of 4.5% that of the 
central maximum and the next secondary maxima have an 
intensity of 1.6% that of the central maximum. 


Difference in Diffraction Pattern at a Single 
Slit due to Monochromatic 

Light and White Light 

For monochromatic light, che diffraction is of alrernate bright 
and dark bands of unequal widths. The central bright fringe 
has maximum intensity and the intensity of successive 
secondary maxima decreases rapidly. 

If the source is of white light, the diffraction pattern is 
coloured. The central maximum is white but other bands are 
coloured . As band width e<, therefore red band width is 
wider than the violet band width. 


Validity of Ray Optics/ Fresnel’s Distance 
When a slit or hole of size a is illuminated bya parallel beam, it 


is diffracted with an angle @=~, 
a 


Diffraction of a parallel beam 
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In travelling a distance z, size of beam is z A/a. 


a 
So, taking “2a 
a 


or zz 


Now, distance zp is called Fresnel’s ‘distance 
[ep =a7/ A] 

Spreading of light due to diffraction is comfortable upto 
distance z-/2. For distance much greater than 2,, 
spreading due to diffraction is also prominant. So, the 
image formation can be explained by ray optics for 
distances less than zp. 


EXAMPLE |5| For what distance is ray optics a good 
approximation when the aperture is 3 mm wide and 
wavelength is 500 nm? 


Sol. Here, a=3mm =3x107m 
and = =500nm =5x107m 
According to Fresnel’s distance, 

@ _ (3x07)? 


ee 
Rh 5x10 


=18m 


Difference between Interference 
and Diffraction 


(i) The interference pattern has a number of equally 
spaced bright and dark bands. Where as the 
diffraction pattern has a central bright maximum, 
which is twice as wide as the other maxima. The 
intensity falls as we go to successive maxima away 
from the centre on either side, 

(ii) We calculate the interference pattern by 
supetposing two waves originating from the ovo 
narrow slits, The diffraction pattern isa 
superposition of a continuous family of waves 
originating from each point on a single slit. 

(iii) For a single slit of width @, the first null of the 
incerference pattern occurs at an angle of A/a, At the 
same angle of A/a, we get a maxima (not a null) for 
two narrow slits separated by a distance a. 

One must understand that both distances berween 
two slits in Young's double slit experiment, d and @ 
width of each slit have to be quite small, to be able 
fo observe good interference and. diffraction 
Patterns respectively. e.g. d must be of the order of a 


millimetre or so and must be even smaller of the 
order of 0.1 of 0.2 mm. 
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TOPIC PRACTICE 3 | 


OBJECTIVE Type Questions 


{, Light seems to propagate in rectilinear path 
because 
{a) its speed is very large 
(0) its wavelength is very small 
(o reflected from the upper surface of atmosphere 
(d) it is not absorbed by atmosphere 


2, In diffraction from a single slit the angular width 
of the central maxima does not depends on 
(a) A of light used 
(b) width of slit 
(c) distance of slits from the screen D 
(d) ratio of 4 and slit width. 


3, What should be the slit width to obtain 10 
maxima of the double slit pattern within the 
central maxima of the single slit pattern of slit 
width 0.4 mm? 
(a) 0.4mm 
(c) 0.6 mm. 


(b) 0.2 mm 

(d) 0.8 mm. 

4. Ina single diffraction pattern observed on a 
screen placed at Dm distance from the slit of 
width dm, the ratio of the width of the central 
maxima to the width of other secondary 


maxima is 
(a) 2:1 (b) 1:2 
(c)1s1 (d)3:1 


VERY SHORT ANSWER Type Questions 


5. What is the condition for first minima in case of 

diffraction due to a single slit? 

6. How does the angular separation between 
fringes in single slit diffraction experiment 
change when the distance of separation 
between the slit and screen doubled? 

+ Explain how the intensity of diffraction pattern 
changes as the order(n) of the diffraction band 
Varies? All India 2017 


- Ifthe wavelength of light decreases, then 
Fresnel’s distance increases or decreases? 


+ What is the basic difference between diffraction 
and interference of light? 
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SHORT ANSWER Type Questions 


10. Fora single slit of width a, the first minimum of 
the interference pattern of a monochromatic 


light of wavelength 2, occurs at an angle of *. At 
a 


1 i 
the same angle of —, we get a maximum for two 
a 


narrow slits separated by a distance a. Explain. 
Delhi 2014 


ii. Draw the intensity pattern for single slit 
diffraction and double slit interference. Hence, 
state two differences between interference and 
diffraction patterns. All India 2017 


12. State briefly two features which can distinguish 
the characteristic features of an interference 
pattern from those observed in the diffraction 
pattern duc to a single slit. All India 2011 


13. Why is the diffraction of sound waves more 
evident in daily experience than that of light 
wave? NCERT Exemplar 


14. In deriving the single slit diffraction 
pattern, it was stated that the intensity is zero 


at angles a, Justify this by suitably dividing the 


slit to bring out the cancellation. NCERT 


LONG ANSWER Type! Question 


15. (a) Ina single slit diffraction experiment, the 
width of the slit is made double the original 
width. How does this affect the size and 
intensity of the central diffraction band? 
Explain. 

(b) When a tiny circular obstacle is placed in 
the path of light from a distant source, a 
bright spot is seen at the centre of the 
obstacle. Explain, why? CBSE 2018 


LONG ANSWER Type IT Questions 


16. (i) Using Huygens’ construction of secondary 
wavelets explain how a diffraction pattern is 
obtained on a screen due to a narrow slit on 
which a monochromatic beam of light is 
incident normally. 

(ii) Show that the angular width of the first 
diffraction fringe is half that of the central 
fringe. 

(iii) Explain why the maxima at 6 = (n + i) 
a 


become weaker and weaker with increasing 
n? All India 2015 
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17. 


(i) Obtain the conditions for the bright and 
dark fringes in diffraction pattern due toa 
single narrow slit illuminated by a 
monochromatic source, Explain clearly, why 
the secondary maxima go on becoming 
weaker with increasing of their order? 

(ii) When the width of the slit is made double, 
how would this affect the size and intensity 
of the central diffraction band? Justify your 
answer. Foreign 2012 


NUMERICAL PROBLEMS 


18. 


19. 


20. 


21. 


22. 


23. 


What should be the width of each slit to obtain 
10th maxima of the double slit pattern within 
the central maxima of single slit pattern? 


A parallel beam of light of wavelength 500 nm 
falls on a narrow slit and the resulting 
diffraction pattern is observed on a screen] m 
away. It is observed that the first minimum is at 
a distance of 2.5 mm from the centre of the 
screen. Find the width of the slit. 


All India 2013, NCERT 
Yellow light (4 = 6000 A) illuminates a single slit 
of 1x10°* m, Calculate the distance between 
two dark lines on either side to the central 
maximum, when the diffraction pattern is 
viewed on a screen kept 1.5m away from the 
slit. All India 2011 
A parallel beam of light of 500 nm falls ona 
narrow slit and the resulting diffraction pattern 
is observed on a screen J m away. It is observed 
that the first minima is at a distance of 2.5mm 
from the centre of the screen. Calculate the 
width of the slit, All India 2013 
Two wavelength of sodium light of 590 nm and 
596 nm are used in turn to study the diffraction 
taking place at a single slit of aperture 
2x10"°m. The distance between the slit and the 
screen is 1.5 m.Calculate the separation between 
the position of first maxima of the diffraction 
pattern obtained in the two cases, 

All India 2014 

Two wavelengths of sodium light 590nm and 
596 nm are used in turn to study the diffraction 
at a single slit 4mm. The distance between the 
slit and the screen is 2m. Calculate the 
separation between the positions of the first 
maximum of diffraction pattern in two cases. 


10. 


i. 


12. 


. (a) Width of central maxima 
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| HINTS AND SOLUTIONS | 


. (b) The wavelength of visible light is very small, so it 


seems to propagate in rectilinear path. 


. (c) Angular width of central maxima, 


B= dle. 


Thus, 0 does not depend on Di.e., distance between the 
slit and the screen. 


. (b) As, the path difference aQ is 2, 


then 


So, the width of each slit is 0.2 mm. 
AD/e 
Width of other secondary maxima = 2.D /e 


~. Width of central maxima : Width of other secondary 
maxima = 2:1, 


For first minima, sin®, =1x 2 /a = 


Angular width, 29 = 2 

a 
ie. it is independent of the distance of separation 
between the slit and screen. 


. In diffraction pattern, intensity of alternate dark and 


weak bright bands decreases as compare to central 
bright band. 


i 1 
. As, Fresnel distance xy hence Fresnel's distance 


increases as A decreases. 


. The interference pattern has a number of equally spaced 


bright and dark bands whereas the diffraction pattern 


has a central bright maximum, which is twice as wide as 
the other maxima, 


In diffraction, angular position, @ = 2° 
a 
For first minima, 


o=% 
@ 


In interference, d = a(given) and angular position, 


on At 
a 


+ Angular position of first maxima (Ax = 2) 


For intensity pattern curve Refer to tex: 
Pages 413 and 423, 


For difference Refer to text On page 424, 
Refer to text on page 424. 


ton 


we 


8 


ve Opties 


swe know that the frequencies of sound waves lie 
perween 20 Hz to 20 KHz, so their wavelength ranges 
etween 15 m to 15 mm. The diffraction occurs, if the 
qavelength of waves is nearly equal to slit width, 


As, the wavelength of light waves is 7000 x 10°!" m to 
4000 x 10"'° m, the slit width is very near to the 


savelength of sound waves as compared to light waves. 
Thus, the diffraction of sound waves is more evident in 
daily life than that of light waves. 


14. Let the slit be divided into n smaller slits each of width, 


aed 
n 
monk 
le, Oe Mat 
aie Suers ad dn d 


Therefore, each of the smaller slit would send zero 
intensity in the direction of @. Hence, for the entire 


single slit, intensity at angle a would be zero. 


15, (a) We know that, width of central maximum is given as 


16. (iy 


ays 2DA 


where, a= width of slit. 


when a= 2a 


2. Width of central maximum = om. 2p 
aa 


Thus, the width of central maximum became half. 
But in case of diffraction, intensity of central 
maxima does not changes with slit width. Thus, the 
intensity remains same in both cases. 

(b) When a tiny circular obstacle is placed in the path 
of light from a distant source, a bright spot is seen 
at the centre of the obstacle because the waves 
diffracted from the edge of circular obstacle 
interfere constructively at the centre of the shadow 
resulting in the formation of a bright spot. 


Plane 
wavelront 


Consider a parallel beam of light from a lens falling on 
aslit AB, As, diffraction occurs, the pattern is focused 
on the screen with the help of Jens L ,. We will obtain 
a diffraction pattern that is central maximum at the 
centre O, flanked by a number of dark and bright 


fringes called secondary maxima and minima. 


Each point on the plane wavefront AB sends out the 
secondary wavelets in all directions. The waves from 
Points equidistant from the centre C, lying on the 
Upper and lower half, reach point O with zero path 
difference and hence, reinforce each other producing 


maximum intensity at O. 


(ii) 


(iii) 


(ii) 
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Let % and a be the wavelength and slit width of 
diffracting system respectively. Let O be the position 
of central maximum, 
Condition for the first minimum is given by 

asin = mh li) 
Let @ be the angle of diffraction. 
As, diffraction angle is small 
a sind = 
For first diffraction minimum, 6 = 8, (let) 


For the first minimum, take m =1 
a,=2 = B= 


a 

a 

Now, angular width, AB =@, 

Angular width, BC = 0, 

Angular width, AC = 28, 

On increasing the value of n, the part of slit 
contributing to the maximum decreases. Hence, the 
maximum becomes weaker. 


IT. (i) Refer to text on page 412. 


On increasing the order, the part of slit contributing 
to the maximum decreases. Hence, the secondary 
maxima becomes weaker. 

As, the number of point sources increases, their 
contribution towards intensity also increases. 
intensity varies as square of the slit width. Thus, 
when the width of the slit is made double the 
original width, intensity will get four times of its 
original value. 


2 
Width of central maximum is given by B= a 
where, D = distance between screen and slit, 


2. = wavelength of the light 


and 


So, with the increase in size of slit, the width of 
central maxima decreases, Hence, double the size of 
the slit would result as half the width of the central 
maxima, 
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18. 


19. 


20. 


2. 


As, the path difference is A 
So, aQ=2 
= @=A/a 
10h 
= 
Given, D=1m,n=1, y= 2.5 mm 


=25x 10° m 
a 


500 nm= 5x 107 m,d=? 


The condition for minima is ax =m 


qa ThD _1%5x 107 x1 


> 
y 25x 10% 
2x 10° * m=0.2mm 

Given, } = 6000A =6 x10 m and d=1x107'm 


Separation between slit and screen, D =1.5m 


=. The separation between two dark lines on either side of 
the central maximum 


= fringe width of central maximum 
_ 2Dh _ 2% 15x 6x 107 
“od xi 

= 18x 10°m=18mm 


The distance of the nth minima from the centre of the 
ai nD. ' 
screen is given by x, = 22% wll) 
a 


where, D = distance of slit from screen =1m 
2. = wavelength of the light = 500 nm 
= 500107 m, 
=1, 
x, =2.5mm=2,5 x10" m, 


and a= width of the slit for first minima =? 


Putting these values in Eq. (i), we get 


22, 


23. 
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00 x 10°” 
25 xig? = 500x10") 
a 
=> a=2x10 *m=0.2m 
For A, =590 nm 


Dh, 
Location of 1st maxima,y, =(2n +1) oe 


If 


For 2, =596nm if 


Location of 2nd maxima, y, =(2n+1) ae 
3Dh. 
If n=1 > y= oar 


«Path difference = y, — y, = Pa, —4) 
a 
3x15 
2x 2x10 
Given, 4, 


(596-590) x10 = 675 x 10° m 


90nm, A, =596nm, 
D=2m,d=4mm 
Refer to Sol. 50 (page 459) location of 1st maxima, 


DA. 
i cele rad 
3DA, 


2a 
For 4, =596nm, location of 2nd maxima, 


if 1 


LSy= 


Ya = (2n+1)PR2 
2a 


_3DA, 
2a 


3D 
Yar WHT (Az - Ay) 


n=l =y, 


—3%2 _ (596 —590)x15" 
2x4x10% 


=45x10% m 


IMMARY 


ve? ties describes the connection between tho waves 


' was of light 
‘ vetront S the locus of points (wavelets) having the samo 
' uae of oscillations. 
nase 
onts can be of three types 


' wave 
nerical wavelront 


(se 

a oylinatical wavefront 
ayPiane wavelront 

ens’ Principle is essentially a geometrical 

: construction, which gives the shape ol a wavelront at any 
inealows us to determine the shape of the wavefront at a 
jgter ime. 

« poppler's Effect in Light According {o this effect, whenever 
spare is arelative motion between a source of light and 
cpserver, (hen the apparent frequency of light emitted {rom 
ihe light source 

+ Superposition Principle of Waves slates that ala 
sanicular point in the medium, the resultant displacement 

duced by the number of the displacements produced by 

the waves. 

+ Inlerlerence of Light Waves is the phenomenon of 
redstibution of light energy in a medium on the account of 
superposition of light waves from two coherent sources. 


* Relation Between Intensity, Amplitude of the Wave and 
Width of Slit 


a Wy 

bw, 

* Conditions for Interference The intensity at the points of 
constructive and destructive interference must be 
maniained maximum and zero, respectively. 
bition of Light Bending of light eround the sharp 
Néts an spreading of light with in the geometrical 

'adow of opaque obstacles is called diflraction of light. 


isgiven by, 4 = 
2 


"h 
Ndtaction patlern, angular width of the central maxima Is 
20 =—— 
a 


© Difference bolwoon Interference and Diffraction The 
Intorlorance patiorn has qumber of equally seaced dark and 
bright bands while the diffraction pattern has central bright 
maximum 

Interference and Enorgy Conservation Intensity of fight s 
simply redistributed, 1.e., energy 1 being lansferred from 
the regions of destructive interfere So. the principle af 
energy consarvalion is obeyed in interference process. 


Coherent Sources of light emit the light waves with 
constants phase difference. 
Incoherent Sources ol light emit the light do not waves 
wilh a constants phase difference. 
Young's Double Slit Experiment 

(i) For constructive interference (bright fringes), 

Path difference = we 
D 
., Dk 
d 

(li) For destructive interference (dark fringes), 

path difference 


mm 


> 


® Intensity of Fringes 
{i) For bright tringe, fy - 1) + fy +2 
(li) For dark fringe, Ly =f) -t> 
OR 


» Fringe Width is given as, W = 7 


(i) Resolving power of a microscope Is 
_ 1 _ausinB 

ad 1.22R 

(ii) Resolving power of a telescope Is 

Riese 2 

dQ 1.224 


PRACTICE 


CHAPTER 


OBJECTIVE Type Questions 


i 


If a source is at infinity, then wavefronts 
reaching to observer are 

(a) cylindrical (b) spherical 

() plane (a) conical 

In Huygens’ wave theory, the locus of all points 
in the same state of vibration is called 

(a)ahalf period zone —_(b) oscillator 

() a wavefronts (d) aray 


Amonochromatic light refracts by the medium 
of refractive index 1.5 in vacuum. The 
wavelength of refracted wave will be 

(a) equal 

(b) increase 

(c) decrease 

(d) depend upon the intensity of refracted light 


The source of light is moving towards observer 
with relative velocity of 3 kms”. The fractional 


change in frequency of light observed is 


(a)3x107 (b)3x107* 
(10% (d) None of these 
The reason of interference is 

(a) phase difference 

(b) change of amplitude 

(c) change of velocity 


(d) intensity 


Two distinct light bulbs as sources 

(a) can produce an interference pattern 

(b) cannot produce a sustained interference pattern 

(c) can produce an interference pattern, if they 
produce light of same frequency 

(d) can produce an interference pattern only when the 
light produced by them is monochromatic in 
nature 


From a single slit, the first diffraction minima is 
obtained at 30° for a light of 6500 A 
wavelength. The width of the slit is 

(a) 3250 A (b) 1.3p 

(c) 54.x1074 Ian (d)1.2%107? cm 


8. In Young's double slit experiment two 
disturbance arriving at a point P have phase 
difference of n/2 The intensity of this point 
expressed as a fraction of maximum intensity h 
is 


z 4 3 
(oto Oi Ost Wit 


9. If the width of slit is decreased in a single slit 
diffraction, then the width of central maxima will 
(a) increase 
(b) decrease 
() remain unchanged 
(d) not depend on the width of slit. 


ASSERTION AND REASON 


Directions (Q. Nos. 10-16) In the following 
questions, two statements are given- one labeled 
Assertion (A) and the other labelled Reason (R). 
Select the correct answer to these questions from 
the codes (a), (b), (c) and (d) as given below 
(a) Both Assertion and Reason are true and Reason is 
the correct explanation of Assertion. 
(b) Both Assertion and Reason are true but Reason is 
not the correct explanation of Assertion. 
(c) Assertion is true but Reason is false. 
(d) Assertion is false but Reason is true. 


Assertion In the field of geometrical optics, light 


can in assumed to approximately travel in 
straight line. 


Reason The wavelength of visible light is very 

small in comparison to the dimensions of 

typical mirrors and lenses, then light can be 

i to approximately travel in straight 
ine, 


ft. 


Assertion When monochromatic light is 
incident on a surface separating two media, the 
reflected and refracted light both have the same 
frequency as the incident frequency. 

Reason Speed of light and wavelength of light 


both changes in refraction and hence, the ratio 
v=e/A is a constant, 


ave Opties 


Assertion The emergent plane wavefront is 
pe tilted on refraction of a plane wave by a thin 
prism. . 
Reason The speed of light waves is more in 


Jass and the base of the prism is thicker 
than the top. 
B. Assertion If we have a point source 

"emitting waves uniformly in all directions, 
the locus of point which have the same 
amplitude and vibrate in the same phase 
are spheres. 
Reason Each point of the wavefront is the 
source of a secondary disturbance and the 
wavelets emanating from these points 
spread out in all directions with the speed 
of the wave. 


{4. Assertion Increase in the wavelength of 
light due to Doppler’s effect is red shift. 
Reason When the wavelength increases, 
then wavelength in the middle of the visible 
region of the spectrum moves towards the 
red end to the spectrum. 


{5, Assertion No interference pattern is 
detected when two coherent sources are 
infinitely close to each other. 

Reason The fringe width is inversely 
proportional to the distance between the 
two slits. 


16, Assertion If the initial phase difference 
between the light waves emerging from the 
slits of Young's double slit experiment is 
m-radian, the central fringe will be dark. 


Reason Phase difference is equal to = 


times the path difference. 


CASE BASED QUESTIONS 


cltections (Q.No. 17) These questions are 
: Se study based questions, Altempt any 4 

can putts from each question, Each question 
‘ties 1 mark. 


17, ‘The Wavefront 


In 1678, a Dutch scientist, Christian 
Huygens’ propounded the wave theory of 
light. According to him, wave theory 
Introduced the concepts of wavefront. 

Light travels in the form of waves. 

A wavefront is the locus of points (wavelets) 
having the same phase (a surface of 
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constant phase) of oscillations. A wavelet is the 
point of disturbance due to propagation of light. 
Wavefront may also be defined as the hypothetical 
surface on which the light waves are in the same 
phase. 
(i) Huygens’ original theory of light assumed that, 
light propagates in the form of 
(a) minute elastic particles 
(b) transverse electromagnetic wave 
(c) transverse mechanical wave 
(d) longitudinal mechanical wave 
(ii) A wave normal 
(a) is parallel to a surface at the point of incidence of 
a wavefront 
(b) is the line joining the source of light and an 
observer 
(c) gives the direction of propagation of a wavefront 
at a given point 
(d)is the envelope that is tangential to the secondary 
wavelets 
(iii) Ray diverging from a point source form a 
wavefront that is 
(a) cylindrical 
(b) spherical 
(0) plane 
(a) cubical 
(iv) According to Huygens’ principle, a wavefront 
propagates through a medium by 
(a) pushing medium particles 
(b) propagating through medium with speed of light 
(c) carrying particles of same phase along with it 
(d) creating secondary wavelets which forms a new 
wavefront 
(v) In case of reflection of a wavefront from a 
reflecting surface, 


Incident 
a wavefront 


Rallected se 
wavelront 


I, points A and E are in same phase. 
Il. points A and C are in same phase. 
ILL, points A and B are in same phase. 
IV. points C and E are in same phase. 
Which of the following is correct? 
(a) Both I and I 
(b) Both Il and Ill 
(c) Both Il and IV 
(d) Both land IV 
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VERY SHORT ANSWER Type Questions 


18, State the conditions that must be satisfied for 
two light sources to be coherent. 


19. In Young's double slit experiment, if the 
distance between the slits is halved, what 
changes in the fringe width will take place? 


20. Suppose while performing double slit 
experiment, the space between the slits and the 
screen is filled with water. How does the 
interference pattern change ? 


21. 5000 A monochromatic light passes through a 
slit having 0.05 mm width. How much does it 
spread? 


SHORT ANSWER Type Questions 


22. Derive fringe separation formula for YDSE. 


23. Obtain the expression for the maximum slit 
width for diffraction. 


LONG ANSWER Type IT Questions 


24. What do you understand by coherent sources? 
Obtain expression for fringe width of a bright 
fringe. Write expression for the angular width of 
fringe. 

25. Describe Young's experiment for interference of 
light. Obtain the formula for fringe width. What 


is the shape of the fringes? 


ANSWERS 


L 40) 2 (0 3. (0) 4. (9) 5. (a) 
6. (b) 7. (b) 8. (b) 9. (a) 


10. (a) The branch of optics in which one completely 
neglects the finiteness of the wavelength is called 
geometrical optics. The wavelength of light is very small 
‘as compared to the dimensions of objects (such as mirror, 
lenses etc.) and hence, it can be neglected and assumed 
to travel in a straight line. 

LL (6) Reflection and refraction arise through interaction of 
incident light with constituents of matter. Atoms may be 
viewed as oscillators, which take up the frequency of the 
external agency (light) causing forced oscillations. The 
frequency of light emitted by a charged oscillator equals 
its frequency of oscillation. Thus, the frequency of 
scattered light equals the frequency of incident light. 

12. (c) Since, the speed of light waves is less in glass, the 
lower portion of the incoming wavefront (which travels 
through the greatest thickness of glass) will get delayed 
resulting in a tilt in the emerging wavefront. 
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Incident plane 
wave 


Af 
Prism og 


13. (a) According to Huygens’ principle each point of the 
wavefront is the source of a secondary disturbance ang 
the wavelets emanating from these point spread out in 
all directions with the space of wave. 

‘These wavelets emanating from the wavefront are 
usually referred to as secondary wavelets and if we draw 
a common tangent to all these spheres, we obtain the new 
position of the wavefront at a later time. 


14. (a) Increase in wavelength of light when the source 
move away from the observer due to Doppler’s effect is 
called red shift. The visible regions shifts towards red 
end of electromagnetic spectrum and hence called red 


shift. 
15. (a) As, we know, fringe width B ie. 


So, smaller the distance between the slits (d), then larger 
will be fringe width @). 


Hence, single fringe will cover whole screen and pattern 
will not be visible. 


1G. (b) Given, initial phase difference = 5, ~ 05, = 


At central maximum, 3 
= Total phase difference 


( path difference = Ax) 


on 
= bs, — bs, ay ibs 
At central maximum, 
agent Ex av=neo 


or AQ = m= odd multiple of x. 
Hence, at central maximum dark band is obtained. 
17. (i) (@ Huygens’ original wave theory of light assumes 


that light propagates in the form of longitu 
mechanical wave. 


(ii) (2) A wave normal is a line perpendicular to the 
wavefront. It gives the direction of a moving wave. 

(iii) () Wavefronts emanating from a point source af 
spherical wavefronts. 


Sphorical 


Rays are 
perpendicular 
Point 92) / towavelronts 
source 


Wavefronts 
are concentric 
spheres 


Light rays 


fave optics 


i) (@ According to Huygens’ principle, each point of the 
wavefront is the source of a secondary disturbance 
and the wavelets emanating from these points spread 
out inall directions with the speed of the wave. These 
wavelets emanating from the wavefront (F,F,) are 
usually referred to as secondary wavelets and if we 
draw a common tangent to all these spheres as shown 
below, we obtain the new position of the wavefront ( 
G,G,) ata later time (1). 


Fr |G 
Mt 

A =] Ae 

By | Be 


Dd De 
3 

Fo “TG. 
t=0 t=1 


(v) (0) Figure shows AB as incident wavefront, so Aand B 
are in same phase. 


. Refer to Example 2 on page 423. 

. Refer to text on page 412. 

. Refer to text on page 423. 

.. Refer to text on page 411 and 412. 
. Refer to text on page 412 and 413. 
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By the time B reaches C, secondary wavelet from 4 
reaches E. 

So, points C and E are same time intervals apart as 
they are in same phase. 


. Refer to text on page 411. 
|. Fringe width, W ; hence W is doubled. 


. The pattern will remain same, but slightly shifted. 


[Ans. 0.2 rad] 


and detection of electromagnetic waves established the wave nature of light in 1887, 
Bur the discoveries of photoelectric effect by Hertz, Compton effect by Compton, 
, | established the particle nature of light. Hence, it was concluded that light has dual 

nature. 


| The Maxwell's equations of electromagnetism and Hertz experiments on generation 


DUAL NATURE OF 
RADIATION AND 
MATTER 


ELECTRON EMISSION 


In metals, the electrons in the outer shells (valence electrons) are loosely bound gl e 
to the atoms, hence they are free to move easily within the metal surface but. S# CHAPTER CHECKLIST 
cannot leave it. Such electrons are called free electrons. * Photoelectric Effect 


These free electrons can be emitted from the metals, if they have sufficient Matter Wave 
energy to overcome the attractive pull of metal surface, The phenomenon of 
emission of electrons from the surface of a metal is called electron emission, 


The minimum required energy for the electron emission from the metal surface 
can be supplied to the free electrons by anyone of the following physical processes 

(i) Thermionic Emission Sufficient thermal energy can be imparted to the 
free electrons by suitable heating, so that they can come out of the 
metal. This process of emission of electrons is known as thermionic 
emission and the electrons so emitted are known as thermions or 
thermal electrons . The number of thermions emitted depends on the 
temperature of the metal surface. 

(ii) Field Emission or Cold Cathode Emission It is the phenomenon of 
emission of electrons from the surface of a metal by applying a very sttong 
electric field (~ 10° Vm“) to a metal, One of the examples of cold 
emission is spark plug. 

(iii) Photoelectric Emission It is the phenomenon of emission of electrons 
from the surface of metal when light radiations of suitable frequency fall 
on it. Here, the energy to the free electrons for their emission is being 
supplied by light photons. The emitted clectrons are called 
photoelectrons. The number of photoelectrons emitted depends on the 
intensity of the incident light. 
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Secondary Emission It is the phenomenon of 
emission of electrons from the surface of metal in 
Jarge number when fast moving clectrons (called 
primary electrons) or other particles strike the metal 


surface. 
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Work Function 

certain minimum amount of energy is required to be 
ren to an electron to pull it out from the surface of the 
petal. This minimum energy required by an electron to 
scape from the metal surface is called the work function of 
gemetal. It is generally denoted by $y or Wy and measured 
izeV (electron volt). It depends on the properties of the 
ete] and the nature of its surface. It decreases with the 
jpcrease on temperature. 


One electron volt (1 eV) is the energy gained by an electron 

shen it has been accelerated by a potential difference of one 

salt (1 V), so that 1 eV =1.602%107 J. 

The values of work function of some metals are given below 
Work Function of Some Metals 


Metal Work function, ¢ (eV) Metal Work function, 4, (eV) 


Cs 244 Al 4,28 
K 2.30 Hg 4.49 
Na 2.75 Cu 4.65 
Ca 3.20 Ag 4.70 
Mo 417 Ni 5.15 
Po 4.25 Pt 5.65 


From the above table, it can be concluded that, the work 
function of platinum is the highest () = 5.65 eV), while it 
isthe lowest for caesium (Oo =2.14 eV). 


ITOPIC 1| 
Photoelectric Effect 


AS discussed earlier, the phenomenon of emission of 
“ecttons from the surface of metal, when radiations of 
Suitable frequency fall on it, is called photoelectric effect. 
€ emitted electrons are called photoelectrons and the 
Trent, so produced is called photoelectric current. 
i metals like lithium, sodium, etc. show photoelectric 
“ct with visible light, whereas the metals like zinc, 
“dmium, etc. are sensitive only to ultraviolet light. 


Ne 
le Non-metais also show photoelectric ellect. Liquids and 
® can also show this effect but to limited extent. 
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Hertz’s Observations 


In 1887, Heinrich Hertz discovered the phenomenon 
of photoclectric emission while working with his 
electromagnetic wave experiment, by means of spark 
discharge. He observed that high voltage sparks across the 
detector loop were enhanced when the emitter plate was 
illuminated by ultraviolet light from an arc lamp. Ir was 
accounted as follows: 

When suitable radiations fall on a metal surface, some 
electrons near the surface absorb enough energy from the 
incident radiations, to overcome the attraction of the 
positive ions in the material of the surface. This helps them 
to escape from the surface of the material to the 
surrounding space. 


Hallwachs’ and Lenard’s Observations 

During 1886-1902, Wilhelm Hallwachs and Philipp 
Lenard made a detailed study of photoelectric effect. Lenard 
observed that, ifa potential difference is applied across the 
two metal plates enclosed in an evacuated tube, then there is 
no flow of current in the circuit. However, when one plate 
(called emitter plate) enclosed in the evacuated tube, kept ac 
negative potential is exposed with ultraviolet radiations, 
current begins to flow in the circuit. 

As soon as ultraviolet radiations falling on the emitter plate 
are stopped, the current flowing is also stopped. Thus, light 
falling on the surface of emitter causes current in the 
external circuit. From his observation, Hallwachs 
concluded that negatively charged particles were ejected out 
from the zinc plate under the action of ultraviolet 
radiations, After the discovery of electron in 1897, ic 
became evident that the exposure of emitter plate with the 
incident light causes the electrons to emit also. Due to 
negative charge, the emitced electrons are pushed towards 
the collector plate by the applied electric field. 

Hallwachs and Lenard also observed that when ultraviolet 
light fell on the emitter plate, no electrons were emitted, 
until the frequency of the incidence light was smaller than a 
certain minimum value, called the threshold: frequency, 
This minimum frequency depends on the nature of the 
material of the emitter plate, 


EXPERIMENTAL STUDY OF 
PHOTOELECTRIC EFFECT 


The figure given below shows the experimental setup for 
the study of photoelectric effect. 


The setup consists of an evacuated glass or quartz tube 
which encloses a photosensitive plate C (called emitter) and 
a metal place A (called collector), A transparent quartz 
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window is sealed onto the glass tube which permits 
ultraviolet radiation to pass through it and irradiate the 
photosensitive plate C. 


Quartz Source 
window yak" Evacuated 
Photosensitive glass tube 
plate’ ‘a 


Electrons 


AWA 


L@— 


eat 
Experimental arrangement for the study of photoelectric effect 


The electrons are emitted by the plate C and are collected 
by the plate A. When the collector plate A is positive with 
respect to the emitter plate C, then the clectrons are 
attracted to it. Hence, photoelectric current is constituted, 
This emission of electrons causes flow of electric current in 
the circuit. 

The potential difference between the emitter and collector 
plates is measured by a voltmeter (V’), whereas the resulting 
photocurrent flowing in the circuit is measured by a 
microammeter (1A), 


The experimental arrangement given above is used to study 
the variations of photocurrent with intensity of radiation, 


frequency of radiation and the potential difference between 
the plates A and C, 


Effect of Intensity of Light on 


Photoelectric Current 


For a fixed frequency of incident radiation and accelerating 
potential, the photoelectric current increases linearly with 
increase in intensity of incident light. 


current — 


Photoclectric 


O Intensity of light 
Variation of photoelectric current with intensity of light 
As, the photoelectric current is directly proportional to the 
number of photoelectrons emitted per second. So, the 


number of photoclectrons emitted per second is directly 
proportional to the intensity of the incident radiation, 
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Effect of Potential on 


Photoelectric Current 

For a fixed frequency and intensity of incident light, 
photoelectric current increases with increase in potential 
applied to the collector as shown in the graph. 


Photoelectric 
current 


by 
a5 
1, 
Stopping 
Potential \ 
Vo O Collector Plate — 


— Retarding potential potential 


Variation of photoelectric current versus potential 
for different intensities but constant frequency 
From the above graph, we can observe that, 

(i) After a certain value of accelerating potential, when 
all photo electrons reach the place A, and the 
photocurrent ceases, On increasing the value of 
accelerating potential, this maximum value of 
photoelectric current is called Saturation current. 

(i) When the potential is decreased, the current 
decreases but does not become zero at zero potential. 
This shows that even in the absence of accelerating 
potential, few photoelectrons manages to reach the 
plate 4 on their own due to their kinetic energy. 


For a_ particular frequency of incident radiation, 
when minimum negative potential Vy is applied to 
the plate A wart. Cy photoelectric current becomes 
vero at a particular value of negative potential Vo 
called stopping potential or cut-off potential. 

In this condition, the stopping potential is sufficient wo 
repel even the most energetic photoelectron with maximum 
kinetic energy Ky... Photoelectric current becomes zero 
whenever no electron even the fastest photoelectrons 


cannot reach the plate A, Hence, maximum kinetic energy 
is given as, 


1 2 
ee ae 
K max =eh aaa ye nan 

where, is the mass of photoelectron and p 
maximum velocity of emitted photoelectron 


nay is the 


Note For the radiation of a given frequency and material of plate 
C, the value of stopping potential ¥y is independent of the: intensity 
Of the incident radiation, it means, the maximum kinetic energy of 
Emitled photoelectton depends on the light source and the emitter 
Plate material but Is independent of intensity ot incident radiation: 
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fect of Frequency of Incident 
padiation on Stopping Potential 


take radiations of different frequencies but of same 
gens For each radiation, we study the variation of 
horoelectric current against the potential difference 
plates as shown in the graph below. 


yee 


peaveen the 


Photoelectric current 


v3> Vp > Vy | 
Saturation 
current 


Vos “Yoo Yor 9 
| — Relarding potential 


Collector plate. —— 
potential 


Variation of photoelectric current versus potential for different 
frequencies but constant intensity of incident radiation 


From the above graph, we observe that 

(i) the value of stopping potential is different for 
radiation of different frequencies but the value of 
saturation current (for given intensity) remains 
constant. 


(ii) the value of stopping potential is more negative for 
incident radiation of higher frequency. This means 
that the energy of the emitted electrons depends on 
the frequency of incident radiations, Greater the 
frequency of incident radiation, greater is the 
maximum kinetic energy of — photoelectrons, 
consequently greater retarding potential or stopping 
potential is required to stop them completely. 

(i) the value of saturation current depends upon the 
intensity of incident radiation but is independent of 
the frequency of the incident radiation. 

we plot a graph between, stopping potential and the 

"equency of the incident radiation for two different metals 

and B, we get the graph as shown below. 


Metal A 


! 
Stopping 
potential 

(2) 
() 


Frequency of incident 
radiation (v) — 


Variation of stopping potential versus 
frequency of incident radiation 
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From the graph, are observe that 
(i) the stopping potential V, varies linearly with the 
frequency of incident radiation for a given 
photosensitive material. 
(ii) there exists a certain minimum cut-off frequency Vy 
for which the stopping potential is zero. This 
frequency is called threshold frequency. 


Note The minimum frequency of. light which can emit 
photoelectrons from a material is called threshold frequency or 
cut-off frequency of that material. It is a characteristic propery of 
material 


For a frequency lower than cut-off frequency, no 
photoelectric emission is possible even if the intensity is 
large. If frequency of incident radiation is more than 
the threshold frequency, the photoelectric emission 
starts instantaneously without any apparent time lag 
(—107°s or less) even when the incident radiation is very 
dim. 


LAWS OF PHOTOELECTRIC 
EMISSION 


The laws of photoelectric emission are as follows 
(i) For a given material and a given frequency of 
incident radiation, the photoelectric current or 
number of photoelectrons ejected per second is 
directly proportional ro the intensity of the incident 


light. 
(ii) For a given material and frequency of incident 
radiation, saturation current is found to be 


proportional to the intensity of incident radiation, 
whereas the stopping potential is independent of its 
intensity. 

(iii) For.a given material, there exists a certain minimum 
frequency of the incident radiation below which no 
emission of photoelectrons & place. This 
frequency is called threshold frequency. 

Above the threshold frequency, the maximum 
kinetic energy of the emitted photoelectrons or 
equivalent stopping potential is independent of the 
intensity of the incident light but depends upon 
only the frequency (or wavelength) of the incident 


light. 
(iv) The photoelectric emission is an instantaneous 
process, The time lag between the incidence of 


radiations and emission of photoelectrons is very 
small, less than even 107s, 
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PHOTOELECTRIC EFFECT AND 
WAVE THEORY OF LIGHT 


Huygens’ wave theory of light could not explain the 
Photoclectric emission due to the following main reasons: 

(i) According to the wave nature of light, the free 
electrons at the surface of the metal absorb the 
radiant energy continuously. 

The greater the intensity of radiation, the greater 
should be the energy absorbed by each electron. The 
maximum kinetic energy of the photoelectrons on 
the surface is then expected to increase with increase 
in intensity. 

Bur according to experimental facts, the maximum 
Kinetic energy of ejected photoelectrons is 
independent of intensity of incident radiation. 

Gi) According to wave theory of light, no matter what 

the frequency of radiation is, a sufficiently intense 
beam of radiation should be able to impart enough 
energy to the electrons, so that they exceed the 
minimum energy needed to escape from metal 
surface. 
A threshold frequency, therefore should nor exist 
which contradicts the experimental fact that, no 
Photoelectric emission takes place below thar 
threshold frequency, no matter whatsoever may be its 
intensity. 

(iii) According to the wave theory of light, the absorption 

of energy by electron takes place continuously over 
the entire wavefront of the radiation. Since, a large 
number of electrons absorb energy, the energy 
absorbed per electron per unit time turns out to be 
small, 
Hence, it will take hours or more for a single 
electron to come out of the metal which contradicts 
the experimental fact that photoelectron emission is 
instantaneous. 


EINSTEIN’S PHOTOELECTRIC 
EQUATION 


Energy Quantum of Radiation 

In 1905, Albert Einstein explained the various laws of 
photoelectric emission on the basis of Planck's quantum 
theory. According to that theory, the energy of an 
electromagnetic wave is not continuously distribured over 
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the wavefront of waves, Instead of this, these waves travel in 
the form of discrete packets or bundels of energy called 
quanta of energy of radiation 
Each quantum of energy radiate an energy, which is given 
‘y 

E=ln 
where, / is Planck's constant and Vis the frequency of light 
radiation. 
When a quantum of light radiation of energy Av falls on a 
metal surface, then this energy is absorbed by the electron 
and is used in following two ways 


: 
V2 Vm 
tv (Photoelectron) 


Emission of photoelectron by a metal surface 
when a quantum of light is absorbed by it 

(‘A ‘pare of energy is used mm overcome the surface 
barrier and come out of the metal surface. This part 
of energy is called work function, It is expressed as 
$0 =bVo. 

(il) The remaining part of the energy is used in giving a 
velocity » to the emitced phoroclectron. This is equal 
to the maximum kinetic energy of the 


1 2 * 
photoelectrons ( MU aax |) Where m is the mass of 


the photoelectron. 
According to the law of conservation of energy, 
W=dgt 


Loy 1, 
= mv. = Ng + — m2, 
2 2 


Fm. = Kgyy =H V)=AV=95 


This equation is called Einstein’s photoelectric 
equation, 


EXAMPLE |1| The electric field associated with a 
monochromatic beam of light becomes zero, with 
frequency 2,4 x 10"° times per second. Find the maximum 
kinetic energy of the photoelectrons when this light falls 
on a metal surface whose work function is 2.0 eV. 
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pe 
Given, 6 = 20€V, h= 6.63% 10*J-s, KE yar =? 


te vibration twice the electric field 


In one comple! 
so the frequency of incident light is given 


becomes ZeT0, 
yebx 24x 108 =1.2x 10" Hz 
2 


Hence, maximum kinetic energy, 
_ 663x107 X1.2x 10" 


=hv-0= -2=297eV 
bt % 1.6x 10"? 


Relation between Stopping Potential 
(Vy) and Threshold Frequency (V9) 
Sximum kinetic energy is given by 

K pax = (VV) 
Ako, Ku =o 


. Vy = h(V-Vo) li) 
If 4 = wavelength of the incident radiation, 
1.) = threshold wavelength of the metal surface and 
c= velocity of light. 


Then, vey and Vo a 


sl 0 


Putting these values in Eq. (i), we get 


co 
jap aa 
Vy=h 


ns 


s(ii) 


EXAMPLE |2| The work function of caesium is 2.14 eV. 
Clcutate 
(i) the threshold frequency for caesium and 
(i) the wavelength of the incident light, if the 
photocurrent is brought to zero by a stopping potential 
of 0.60 V., Given, h=6.63x 10 J-s. 


Sol Here, V, = 0.60 V, 9) = 2.14 eV = 2.14x 1.6x 1077] 
[+= hv] 


_2.44x 16x 10" 
6463x1078 
=5.16x 10! Hz 
_ ihe 
(eV, + %0) 
: 6.63x 107 x 3x 10° 
(1.6% 107" x 0,60+ 2.14% 1.6x 10°") 


=454x 10m = 454m 


(i) Threshold frequency, vp = as 


(i) We have, eV, = agp 8 
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Verification of Laws of Photoelectric 
Emission Based on Einstein’s 
Photoelectric Equation 


Einstein’s photoelectric equations is 


K, = Mi =h(v-Vo) 


max 


This equation successfully explains the laws of photoelectric 
emission. These are as follows 


1 . . ar 
(i) If v< Vo, then —mv?,. is negative which is not 
0 3m Bi 


possible therefore, for photoelectric emission to take 

place, V> Vo. 

(ii) Since, one photon emits one electron, so the number 
of photoelectrons emitted per second is directly 

proportional to the intensity of incident light. 


arte 1 
(iii) It is clear chat 5M ey, as fh and Vo are 


constants, This shows that kinetic energy of the 

photoelectrons is directly proportional to the 

frequency of the incident light. 

(iv) Photoelectric emission is due to elastic collisions 
between a photon and an electron. As such there 
cannot be any significant time lag becween the 
incidence of photon and emission of photoelectron. 


Graphs Related to Photoelectric Effect 


From Einstein Photoelectric Equation 
The important graphs related to photoelectric effect are as 
follows 
(i) Frequency v and stopping potential Vy graph 
We know that, ey = AV - oy 


> Y= %e 
@ 2% 
So, 
i) 
3 
5 
a 
2 
2g) 


1 Sto; 


als 


Graph of Vo versus v 


Iecould be seen that, Vq versus V curve isa straight line 
with slope = (/e) and is independent of the nature of 
material. 
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(ii) Frequency Vand maximum kinetic energy graph 
As Kae = =O 
=> K 


3 Maximum ke 


Graph of Ka, Versus v 


(iii) Frequency v and photoelectric current graph 
The graph given below shows thar, the photoelectric 
current J is independent of frequency of the incident 
light, till intensity remains constant. 


Photoelactric 
current 


Yo. Frequency¥ 
Graph of versus v 


() Intensity and stopping potential Vy graph 


s 


Stopping 
poten 


Intensity 
Graph of Vg versus intensity 


(v) Photoelectric current J and time Jag ¢ graph 


Photoelectric 
current 


10% s 
Graph of | versust 


PARTICLE NATURE OF 
LIGHT : THE PHOTON 


Photoelectric effect thus gave evidence that light consists of 
packets of energy. These packets of energy were called light 
quantum that are associated with particles named as 
phetons. So, photons confirm the particle nature of light. 


Time 
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Energy of a photon is given by i 
E=we= ra 


where, 4 is the Planck's constant, V is the frequency of 
radiation or photon, ¢ is the speed of light and 2 is the 
wavelength of photon. 
The momentum of photon is given by 
: Wet ms 
eee he 


EXAMPLE |3| The momentum of photon of 
electromagnetic radiation is 3.3x 10% kg ms”. Find 


out the frequency and wavelength of the wave associated 
with it. 
Sol. Given, p =3.3 x10 kg ms 
h=663 X10 J-s 
c=3x10° m/s, v 
and A=? 
Since, E = hv = me*= me xe=pxe 


ya Pe _ 33x10 x3 x108 
h 6.63 x10* 
=1.5 x10" Hz 
c_ 3x10* 
Vv 15x10" 


and A 


=2x10%m 


Characteristic Properties of Photons 
Different characteristic properties of photons are given below 
(i) In interaction of radiation with matter, radiation 
behaves as if it is made up of particles called 
photons. 


(ii) A photon travels at a speed of light ¢ in vacuum 


ero rest mass, i.e, the photon cannot exist at 
rest, According to the theory of relativity, the mass 7! 
of a particle moving with velocity », comparable with 
the velocity of light ¢ is given by 


my 
ms st = my =m f1- 


Ls 


¢ 
where, mg is the mass of the particle at rest. 


As a photon moves with the speed of light, ic. 
#=cr hence my =0, So, rest mass of photon is 2e10- 
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i) ‘The inertial mass of a photon is given by 
E_h_W 


ea 


(x) Photons travel in a straight line, 
(xi) Imespective of the intensity of radiation, all the photons 
of a particular frequency V or wavelength 4 have the 


same energy E (- = a 


-*-9) 
PE ay 


(vii) Energy of a photon depends upon frequency of the 
photon, so the energy of the photon does not change 
when photon travels from one medium to another. 

(viii) Wavelength of the photon changes in different media, 


so velocity of a photon is different in different 
media, 


and momentum, 


(ix) Photons are not deflected by electric and magnetic 
fields. This shows thar photons are electrically 
neutral.” 


(x) Ina photon-particle collision (such as photoelectron 
collision), the energy and momentum are conserved. 
However, the number of photons may not be 
conserved in a collision. 

(xi) Photons may 
conditions, 


show diffraction under given 


EXAMPLE [4] Monochromatic light of wavelength 
632.8 nm is produced by a helium-neon laser. The power 
emitted is 9.42 mW. 


(i) Find the energy and momentum of each photon in the 
light beam. 


(li) How many photons per second, on the average, arrive at 
a target irradiated by this beam? 
(Assume the beam to have uniform cross-section, which 
is less than the target area.) 


(it) How fast does a hydrogen atom have to travel in order 
to have the same momentum as that of the photon? 
NCERT 
Sol. Given, wavelength of monochromatic light, 
), = 6328 nm = 6328 x10? m 
Power = 942 mW = 942 x 10° W 


(i) Energy of each photon, E = * 


_ 663 x10 x 3 x 10° 
6328 x 107 
= 34x" J 
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We know that momentum of each photon, p = 2 
6.63 x10" 
== 1.05% 10° kg-m/s 
632.8 x10 
(ii) Let n be the number of photons per second. 
3 
Bis Power _ 42x10 
Energy of cach photon 3.14 x 10°” 
=3x10" photons /s 
(iii) Momentum, p = mv 
eo 
Velocity of hydrogen atom, v = 2. = 105% 10 
m 1.66%10" 


=0.63 m/s 
[+m =1.66 x 107 kg (mass of cleczron)] 


PHOTOCELL 


It is a device which converts light energy into electrical 
energy. It is also called an electric eye. As, the photoelectric 
current sets up in the photoelectric cell corresponding to 
incident light, it provides the information about the objects 
as has been seen by our eye in the presence of light. 


Incident 
fight 


Collector (Anade) 


Evacuated 
Emitter glass bulb 


(Cathoaey LI) 


St 


us 


Photocell 
A photocell consists of a semi-cylindrical photosensitive 
metal plate C (emitter) and a wire loop A (collector) 
supported in an evacuated glass or quartz bulb. When light 
of suitable wavelength falls on the emitterC, photoelectrons 
are emitted. 


Applications of Photocell 


Some applications of photocell are given below 


(i) Used in television camera for telecasting scenes and in 
photo telegraphy. 
(ii) Reproduction of sound in cinema film, 
(iii) Used in counting devices, 
(iv) Used in burglar alarm and fire alarm. 
(v) To measure the temperature of stars. 
(vi) Used for the determination of Planck’s constant, 
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OBJECTIVE Type Questions 


1. Lenard observed that no electrons are emitted 
when frequency of light is less than a certain 
minimum frequency. This minimum frequency 
depends on 
{a) potential difference of emitter and collector plates 
(b) distance between collector and the emitter plate 
(c) size (area) of the emitter plate 
(d) material of the emitter plate 


The work function of a metal is he/Ao. If light of 
wavelength A is incident on its surface, then the 
essential condition for the electron to come out 
from the metal surface is 

(222, (b) AZ 2q 

(ASK, (A SA,/2 


3. Variation of photoelectric current with intensity 
of light is 


X 


aa 
(a) $5 
85 
eo 
2 
é 
1 intensity of tight T intensity of ight 
2 2 
5 Se 
& BE 
38 @ 38 
ae pe 
ca = 
TT Imensity of tight Intensity of light 


4. Aphoton of energy 3.4 eV is incident on a metal 
surface whose work function is 2 eV. Maximum 
kinetic energy of the photoelectron emitted by 
the metal surface will be 

(a) 1.4eV (b) 1.7 eV 
(c) 5.4 eV (d) 6.8 eV 


5. If photons of frequency v are incident on the 
surfaces of metals A and B of threshold 


frequencies 3 and . respectively, the ratio of 
the maximum kinetic energy of electrons 


emitted from A to that from B is 


CBSE All India 2020 
(a) 2:3 


()1:3 


(b)3:4 
(a) V3.2 
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6. Consider a beam of electrons (each electron 


with energy Ep) incident on a metal surface kept 

in an evacuated chamber. Then, NCERT Exemplar 

(a) no electrons will be emitted as only photons can 
emit electrons 

(b) electrons can be emitted but all with an energy, E, 

(c) electrons can be emitted with any energy, with a 
maximum of E, — 6 (ois the work function) 

(d) electrons can be emitted with any energy, with a 
maximum of E» 


+ The formula for kinetic mass of a moving 


photon is 
(a) hv (b) hae 
(0) vie (d) bcd. 


where, h is Planck constant and v, 2, ¢ are 
frequency, wavelength and speed of photon, 
respectively. 


The wavelength of a photon needed to remove 


a proton from a nucleus which is bound to the 
nucleus with 1 MeV energy is nearly 


NCERT Exemplar 
(a)1.2nm 


(b)1,.2x107 nm 

(c)1.2x10~ nm 

(d)1.2x10nm 

A photocell cohnected in an electrical circuit is 
placed at a distance d from a source of light, As a 


result, current J flows in the circuit, What will be 
the current in the circuit when the distance is 


reduced to d/2? CBSE All India 2020 | 
(a)I (b) ar 
(al (1/2 


. Aphotocell connected in an electrical circuit is 


placed at a distance d from a source of light. As 


a result, current / flows in the circuit. What will 


be the current in the circuit when the distance 
is reduced to d/3? 
(a) 


(c) 91 


(b) 6! 
1 
yt 

@: I 


ASSERTION AND REASON 


11, Assertion Cathode rays produce fluorescence 


in glass and colour of glow depends on nature 
of glass. 


Reason Cathode rays excite glass electrons and 


they on de-excitation emits radiation in visible 
region. 


| Nature of Radiation and Matter 
pu 


4, Assertion In photoelectric effect, cathode or 
! emitter plate is usually coated with barium oxide, 
barium sulphide or strontium oxide, 


Reason Coating prevents cathode from erosion, 

Assertion According to wave theory of light, if 

intensity of incident radiation is increased, then 

energy of emitted photoelectrons increases. 

Reason Energy of a wave is proportional to its 

intensity. 

{4. Assertion Photoelectric current depends on the 
intensity of incident light. 

Reason Number of photoelectrons emitted per 
second is directly proportional to the intensity of 
incident radiation. 

{5, Assertion Photosensitivity of a metal is high if its 
work-function is small. 

Reason Work-function = hyp where, Vo is the 
threshold frequency. 

16, Assertion In photon-particle collision, the total 
energy and total momentum are conserved. 
Reason The number of photons are conserved in 
acollision. 


17. Assertion Photocell is also called electric eye. 


Reason Photocell can see the things placed in 
front of it. 


CASE STUDY BASED QUESTIO 


18. Photoelectric Effect 
When a beam of 10.6 eV photons of intensity 
2.0 Wm" falls on a surface of platinum of surface 
area 1.0 x10-*m? and the work-function of the 
material is 5.6 eV. Given that, 0.53% of the 
incident photons eject photoelectrons. 
(i) What is the energy of incident photon in joules? 
(a) 10.6) (by16x10"” J 
(c)1696 x10" J (d) 2x10" J 
(ii) Find the number of photons incident on given 


area. 
(a)138 x10" (b)118 x 10"" 
(c) 2x10" (d) 23x10" 
(ii) Find number of photoelectrons vauiied per 
second. 
(a) 7x10" (b) 625x10" 


(c) 9x10" (a) 11x10" 
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(iv) Find maximum energy of photoelectrons 
emitted. 
(a) 5.0eV (b) 6.0 eV 
(c) 25eV (d) OeV 

(v) Find minimum energy of photoelectrons 
emitted. 
(a) 6.0 eV (b) 5.0eV 
(c) 58 eV (4) Oe 


VERY SHORT ANSWER Type Questions 


19. 


20. 


24. 


22. 


23. 


24, 


Define the term intensity in photon picture of 
electromagnetic radiation. CBSE 2019 


Do all the electrons that absorb a photon 
come out as photoelectrons? NCERT Exemplar 


When radiations of frequency 10”* Hz is 
incident on certain surface, no 
photoemission takes place. What does this 
statement mean? 


‘Two metals X and Y, when illuminated with 
appropriate radiation, emit photoelectrons. 
The work function of X is higher than of Y. 
Which metal will have higher value of 
threshold frequency? 


Two metals Aand B have work functions 2 eV 
and 4 eV respectively. Which metal has lower 
threshold wavelength for photoelectric 
effect? 


For a given photosensitive material and with a 
source of constant frequency of incident 
radiation, how does the photocurrent vary 
with the intensity of incident light? All India 2011 


The given graph shows the variation of 
photoelectric current / versus applied voltage 
V for two different photosensitive materials 
and for two different intensities of the 
incident radiations. Identify the pairs of 
curves that correspond to different materials 
but same intensity of incident radiation. 

Delhi 2013 


la 


\ 


yy 


v— 
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26. The graph shows the variation of stopping 
potential with frequency of incident radiation 


for two photosensitive metals A and B. 


Metal 8 Metal A 


Frequency— 
of incident 
fadiation (v) 


Which one of the two has higher value of work 
function? Justify your answer. All India 2014 


27. Ultraviolet radiations of different frequencies v, 
and v, are incident on two photosensitive 
materials having work functions Wo, and Woy 
(Wo1 > Wo2) respectively. The kinetic energy of 
the emitted electrons is same in both the cases. 
Which one of the two radiations will be of 
higher frequency? 


28. 


If the frequency of incident radiation is equal to 
the threshold frequency, what will be the value 
of stopping potential? 


29. 


All the photoelectrons are not emitted with 
same energy. The energies of photoelectrons 
are distributed over a certain range. Why? 


30, 


The photoelectric current at distances rand ry 
of light source from photoelectric cell are 7, 
and J, respectively . Find the value of 1, 

2 
Draw graphs showing variation of photoelectric 
current with applied voltage for two incident 
radiations of equal frequency and different 
intensities. Mark the graph for the radiation of 
higher intensity. CBSE 2018 


31. 


SHORT ANSWER Type Questions 


32. There are materials which absorb photons of 
shorter wavelength and emit photons of longer 
wavelength. Can there be stable substances 
which absorb photons of larger wavelength and 
emit light of shorter wavelength. 


NCERT Exemplar 


In the wave picture of light, intensity of light is 
determined by the square of the amplitude of 
the wave. What determines the intensity in the 
photon picture of light? All India 2016 


33, 


34; 


35. 


36. 


37. 


38. 


39, 


40. 
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Why does the existence of a cut-off frequency in 
the photoelectric effect favor a particle theory of 
light rather than a wave theory? Explain. 


Two monochromatic beams A and B of equal 
intensity /, hit a screen. The number of photons 
hitting the screen by beam Ais twice that by 
beam B. Then, what inference can you make 
about their frequencies? NCERT Exemplar 


Two monochromatic radiations, blue and violet, 

of the same intensity are incident ona 

photosensitive surface and cause photoelectric 

emission. Would 

(i) the number of electrons emitted per second 
and 

(ii) the maximum kinetic energy of the 
electrons be equal in the two cases? Justify 
your answer, Delhi 2010 


(i) In the explanation of photoelectric effect, 
we assume one photon of frequency v 
collides with an electron and transfers its 
energy. This leads to the equation for the 
maximum energy E,,,, of the emitted 
electron as, Ey... =hV— do, Where dy is the 
work function of the metal. If an electron 
absorbs 2 photons (each of frequency v), 
what will be the maximum energy for the 
emitted electron? 


(ii) Why is this fact (two photon absorption) not 
taken into consideration in our discussion 
of the stopping potential? NCERT Exemplar 


Draw a graph to show the variation of stopping 
potential with frequency of radiation incident on 
a metal plate, How can the value of Planck’s 
constant be determined from this graph? 


Consider figure for photoemission. How would 
you reconcile with momentum conservation? 
Note light (photons) have momentum ina 
different direction than the emitted electrons. 
NCERT Exemplar 


If light of wavelength 412.5 nm is incident on 


cach of the metals given below, which ones will 
show photoelectric emission and why? 


CBSE 2018 
Metal Work Function (eV; 
Na 


ql Nature of Radiation and Matter 
pu 


MN Why is wave theory of electromagnetic 
* radiation not able to explain photoelectric 
effect? How does photon picture resolve this 
problem? CBSE 2019 


,0NG ANSWER Type I Questions 
42. Light of same wavelength is incident on three 
photo-sensitive surfaces A, B andC. The 
following observations are recorded. 
(a) From surface A, photoelectrons are not 
emitted. 
(b) From surface B, photoelectrons are just 
emitted. 
(c) From surface C, photoelectrons with some 
kinetic energy are emitted. 
Compare the threshold frequencies of the 
three surfaces and justify your answer, 


2020 
43, (i) Describe briefly three experimentally 
observed features in the phenomenon of 
photoelectric effect. 
(ii) Discuss briefly how wave theory of light 
cannot explain these features. Delhi 2015, 16 


44, Figure shows the stopping potential (V) for the 
photoelectron versus } graph, for two metals 
a 


Aand B, 4 being the wavelength of incident 
light. CBSE 2020 


(a) How is the value of Planck's constant 
determined from the graph? 

(b) If the distance between the light source and 
the surface of metal Ais increased, how will 
the stopping potential for the electrons 
emitted from it be effected? Justify your 
answer, 


45. Predict and Explain 


Light of a particular wavelength does not eject 

electrons from the surface of a given metal. 

(i) Should the wavelength of the light be 
increased or decreased in order to make 
ejection of electrons possible? 


46. 


47. 


48. 


49, 


50. 


445 


(ii) Choose the best explanation from among 
the following: 

(a) The energy of a photon is proportional 
to its frequency, ie. inversely 
proportional to its wavelength. To 
increase the energy of the photons, so 
they can eject electrons, one must 
decrease their wavelength. 

(b) The photons have too little energy to 
eject electrons. To increase their energy, 
their wavelength should be increased. 


Explain how does (i) photoelectric current and 
(ii) kinetic energy of the photoelectrons emitted 
ina photocell vary, if the frequency of incident 
radiation is doubled but keeping the intensity 
same? Show the graphical variation in the 
above two cases. CBSE SQP Term-II 


Sketch the graphs showing variation of 
stopping potential with frequencies of incident 
radiations for two photosensitive materials A 
and B having threshold frequencies v, > Vg. 
(i) In which case is the stopping potential more 
and why? 
(ii) Does the slope of the graph depend on the 
nature of the material used? Explain. 
All India 2016 


Define the terms cut-off voltage and threshold 
frequency in relation to the phenomenon of 
photoelectric effect. Using Einstein's 
photoelectric equation, show how the cut-off 
voltage and threshold frequency for a given 
photosensitive material can be determined with 
the help ofa suitable plot/graph. All India 2012 


Define the term “cut-off frequency” in 
photoelectric emission. The threshold 
frequency of a metal is f. When the light of 
frequency 2f is incident on the metal plate, the 
maximum velocity of photo-electron is v,. 
When the frequency of the incident radiation is 
increased to 5/, the maximum velocity of 
photoelectrons is 2. Find the ratio v, : v2. 

Foreign 2016 


Plot a graph showing the variation of stopping 
potential with frequency of incident radiation 
for two different photosensitive materials 
having work functions Wo, and Woy (Wo, > Won). 
On what factors does the 

(i) slope and 

(ii) intercept of the lines depend? 
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Si. (i) State two important features of Einstein's 


photoelectric equation. 

Gi) Radiation of frequency 10" Hz is incident on 
two photosensitive surfaces P and Q. There 
is no photoemission from surface P. 
Photoemission occurs from surface Q but 
photoelectrons have zero kinetic energy. 
Explain these observations and find the 
value of work function for surface Q. 

Delhi 2017 


52. (i) Write the important properties of photons 


which are used to establish Einstein's 
photoelectric equation. 

(ii) Use this equation to explain the concept of 
(a) threshold frequency and 


(b) stopping potential. Delhi 2015 


53. Write Einstein's photoelectric equation and 


54. 


55. 


56. 


mention which important features in 
photoelectric effect can be explained with the 
help of this equation. The maximum kinetic 
energy of the photoelectrons gets doubled 
when the wavelength of light incident on the 
surface changes from i, to i,. Derive the * 
expressions for the threshold wavelength do 
and work function for the metal surface. 

All India 2015 


In case of photoelectric effect experiment, 
explain the following facts, giving reasons. 
(a) The wave theory of light could not explain. 
the existence of the threshold frequency. 
(b) The photoelectric current increases with 
increase of intensity of incident light, 
CBSE 2020 


If the frequency of light incident on the cathode 
of a photo-cell is increased, how will the 
following be affected? Justify your answer. 

(a) Energy of the photoelectrons. 


(b) Photocurrent. CBSE 2020 


State the main implications of observations 
obtained from various photoelectric 
experiments. Can these implications be 
explained by wave nature of light? Justify your 
answer. CBSE SQP 


NUMERICAL PROBLEMS 


57. The photoelectric cut-off voltage in a certain 


experiment is 1.5 V. What is the maximum 
Kinetic energy of photoelectrons emitted? 
NCERT 


58. 


59. 


60. 


61. 


62. 


63. 


64. 


65. 


66. 


67. 
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The work function for a certain metal is 4.2 ey, 

Will this metal give photoelectric emission for 

incident radiation of wavelength 330 nm? 
NCERT 


The maximum kinetic energy of photoelectrons 
emitted from a surface, when photons of energy 
6 eV fall on it is 4 eV. What is the stopping 

potential (in volt) for the fastest photoelectrons. 


In an experiment on photoelectric effect, the 
slope of the cut-off voltage versus frequency of 
incident light is found to be 4.12 x10" v-s, 
Calculate the value of Planck's constant. NCERT 


Find the 

(i) maximum frequency and 

(ii) minimum wavelength of X-rays produced 
by 30 kV electrons. NCERT 


(i) An X-ray tube produces a continuous 
spectrum of radiation with its short 
wavelength of 0.45 A. What is the maximum 
energy of a photon in the radiation? 

(ii) From your answer to (i), guess what order of 
accelerating voltage ( for electrons) is 


required in such a tube? NCERT 


The threshold frequency for a certain metal is 
3.8 10" Hz. If light of frequency 8.2x 10" Hzis 
incident on the metal, predict the cut-off 


voltage for the photoelectric emission. | NCERT 


If radiation of wavelength 5000 A is incident on 
a surface of work function 1.2 eV, find the value 
of stopping potential. Given, h =6.62x 10° *! J-s. 


Light of frequency 7.21 x 10" Hz is incident on a 
metal surface. Electrons with a maximum speed 
of 6 x10°m/s are ejected from the surface. 
What is the threshold frequency for 


photoemission of electrons? NCERT 


Consider a metal exposed to light of 
wavelength 600 nm. The maximum energy of 
the electron doubles when light of wavelength 
400 nm is used. Find the work function in eV. 
NCERT Exemplar 


In an accelerator experiment on high energy 
collisions of electrons with positrons, a certain 
event is interpreted as annihilation of an 
electron-positron pair of total energy 10.2BeV 
into two y-rays of equal energy. What is the 


wavelength associated with each y-ray? 
(1 BeV= 10° ev) 


onal Nature of Radiation and Matter 
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‘Aluminium and calcium have photoelectric 

work functions of 6,; = 4.28 eV and 6, = 287 eV, 

respectively. 

(i) Which metal requires higher frequency light 
to produce photoelectrons? Explain. 


68. 


(jj) Find out the minimum frequency that will 
produce photoelectrons from each surface. 


The work functions for the following metals are 
given, Na=275eV,K = 2.30 eV, Mo = 4.17 eV, 
Ni = 5.15 eV, Which of these metals will not give 
photoelectric emission for a radiation of 
wavelength 3300 A from a He-Cd laser placed 


69. 


1m away from the photocell? What happens if 

the laser is brought nearer and placed 50 cm 

away? NCERT 
70. 


Inthe study of a photoelectric effect, the graph 


between the stopping potential Vand frequency 
vof the incident radiation on two different 


metals Pand Q is shown below 


v“ 
(Walt) 0} — 


v(x 10") Hz 


(i) Which one of the two metals has higher 
threshold frequency? 

(ii) Determine the work function of the metal 
which has greater value. 

(iii) Find the maximum kinetic energy of 
electron emitted by light of frequency 
8x10" He for this metal. Delhi 2017 

71, 


Astudent performs an experiment on 

Photoelectric effect, using two materials A and 

B.Aplot of V.,, versus vis given in the figure. 

(i) Which material 4 or B has a higher work 
function? 


‘ oe 

(li) Given the electric charge of an electron 
= 16x 10°" C, find the value of h obtained 
{rom the experiment for both A and B. 


72. 


74. 


75, 


76. 
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Comment on whether it is consistent with 
the Einstein’s theory. NCERT Exemplar 


The work function of caesium metal is 2.14 eV. 
When light of frequency 6 x 10" Hz is incident 
on the metal surface, photoemission of 
electrons occurs. What is the 

(i) maximum kinetic energy of the emitted 

electrons, 

(ii) stopping potential and 

(iii) maximum speed of the emitted 


photoelectrons? NCERT 


. When light with a frequency 547.5 THz 


illuminates a metallic surface, the most 
energetic photoelectrons have 1.260 x 10 of 
kinetic energy. When light with a frequency of 
738.8 THz is used instead, the most energetic 
photoelectrons have 2.480 x 10" J of kinetic 
energy. Using these experimental results, 
determine the approximate value of Planck's 
constant. 


Monochromatic radiation of wavelength 

640.2 nm (1 nm = 10" m) from a neon lamp 
irradiates a photosensitive material made of 
calcium or tungsten. The stopping voltage is 
measured to be 0.54 V. The source is replaced 
by an iron source and its 427.2 nm line irradiates 
the same photocell. Predict the new stopping 
voltage. NCERT 


Amercury lamp is a convenient source for 
studying frequency dependence of 
photoelectric emission, since it gives a number 
of spectral lines ranging from the UV to the red 
end of the visible spectrum. In our experiment 
with rubidium photocell, the following lines 
from a mercury source were used 


4, =3650A, A,= 4047 A, Ay= 4358 A, 
4, =5461A, i5= 6907A 
The stopping voltages respectively were 
measured to be 
Vo, =1.28 V, Vo) = 0.95 V, 
Vog=O74V, Vy, = 0.16 V, Vos =0 
Determine the value of Planck's constant h, the 


threshold frequency and work function for the 
material. NCERT 


What is the energy associated in joule with a 
photon of wavelength 4000 A? 
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77. What is the energy of a photon in eV 


corresponding to the visible light of maximum 
wavelength? 


78. The energy flux of sunlight reaching the surface 


of the earth is L388x10° W/m2, How many 
photons (nearly) per square metre are incident 
on the earth per second? Assume that the 
photons in the sunlight have an average 
wavelength of 550 nm. 


79. There are two sources of light, each emitting 
with a power of 100 W. One emits X-rays of 
wavelength Inm and the other visible light at 


500 nm. Find the ratio of number of photons of 


X-rays to the photons of visible light of the 
given wavelength. 
80. A100 W sodium lamp radiates energy 

uniformly in all directions. The lamp is located 
at the centre of a large sphere that absorbs all 
the sodium light which is incident on it. 

The wavelength of the sodium light is 589 nm. 
(i) What is the energy per photon associated 

with the sodium light? 


(i At what rate are the photons delivered to 
the sphere? 


81. How many photons per second does a100 W 


bulb emit if its efficiency is 10% and wavelength 


of light emitted is 500 nm? 


82. Light of intensity10-> Wm" falls ona sodium 
photocell of surface area 2 cm?, Assuming that, 
the top 5 layers of sodium absorb the incident 
energy, estimate the time required for 
photoelectric emissic 2 in the wave picture 
radiation. The work function of the metal is 
given to be about 2eV. What is the implication 
of your answer? 


Effective atomic area = 10°?°m?, 


| HINTS AND SOLUTIONS 


1. (a) Hallwachs and Lenard also observed that when 
ultraviolet light fell on the emitter plate, no electrons 
were emitted at all when the frequency of the incident 
light was smaller than a certain minimum value, called 
the threshold frequency. This minimum frequency 
depends on the nature of the material of the emitter 
plate. 


2. (c) When the wavelength of incident light is 4 < 2,, 
then the electrons will come out of the metal surface. 


NCERT 


NCERT Exemplar 


NCERT 


NCERT 


a 


- (d) When a beam of electrons o! 
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 (d) Photocurrent varies linearly with intensity. The 


photocurrent is directly proportional to the number of 
photoelectrons emitted per second. This implies that, it 
is a straight line passing through origin. 


(a) Given, work function = 2eV 


Energy of incident photon = 34 eV 


From Einstein's equation of photoelectric effect, 
hv = hy, +k 
34eV =2eV+k 
k=34eV—20eV =L4eV 


= (b) 324 


From Einstein's photoelectric equation, maximum kinetic 
energy of emitted electrons, 


Krag = HV ~ Vy) 
where, his Planck’s constant, 
Vis frequency of incident radiation 
and v, is threshold frequency of metal surface. 


For metal A, 
e v 
ter(e-3) 

or Kwa = ~@ 


Similarly, for metal B, 


Keays = hy 


or -» (i) 
So, from Eqs. (i) and (ii), the ratio of the maximum kinetic 
energy of electrons emitted from A to that from Bis 
given as, 


Ay 


or 


Kenya? K, 


ax) = 


f energy E, is incident 
ona metal surface kept in an evacuated chamber 
electrons can be emitted with ma: mum energy Ey (due 
to clastic collision) and with any energy less than Egy 
when part of incident energy of electron is used in 
liberating the electrons from the surface of metal. 

(d) We know that, E = hy and 


E=me* (Einstein mass energy equation) 


oome* = hv => m= hy/e? 


Moving mass, m= {ie/A) _ 


z 
ce 


|= 


449 


pull Nature of Radiation and Matter 


for metal to be photosensitive, the work-function should 
be small. 
Work function = hv, 


g, (b) Given in the question, 
Energy of a photon, FE =1MeV = E =10° eV 


he =1240 eVnm where, V, is the threshold frequency. 


Now, 
E- fe 16. (c) Ina photon-particle collision such as photon-electron 
Now, h collision, the total energy and total momentum are 
he 1240 eVnm conserved. However, the number of photons may not be 
> he Er = ev conserved in a collision. The photon may be absorbed or 
i anew photon may be created. 
=1.24 x107 nm 


17. (c) Photocell is a technical application of the 
photoelectric effect. It is a device which converts light 
energy into electric energy. It is also called an electric 
eye. Photocell are used in the reproduction of sound in 


9, (c) The photoelectric current in a photocell is related to 
the distance of source of light as 


1 
ie - motion picture and in the television camera. 
18. (i) (c) Energy of the incident photons, 
E, =10.6eV 
= 10.6x 1.6x 10°” 
= 19 
Here, 5 = dt 4 ond, =| E, =16.96x'10" "J 
a (ii) (b) Energy incident per unit area per unit time 


(intensity) = 2J 


ay 
1 (‘) 1 :. Number of photons incident on unit area in unit 
=- or J,=4] time 


1 @y 4 5 
10, (c) The photo electric current in a photocell is related to “T696x 10” 
the distance of source of light as Therefore, number of photons incident on given area 
(1.0% 10° ‘m’) 
= (1.18% 10!) (1.0% 10" *) = 1.18x 10" 
(iii) (b) As, only 0.53% of incident photons emit 
photoelectrons. 
Heaee duns :. Number of photoelectrons emitted per second(n), 
(Vises CTL Boag 
n= (22 \(.18% 10") = 6.25% 10" 
100 
(iv) (a) Kyggy = E, - Work-function =(10.6~ 5.6) = 5.0 eV 
(v) (d) K jn =9, kinetic energy of photoelectrons varies 
from 0 (KE) na: Hence, minimum possible KE of any 


= 1.18x 108 


= 1,=91 

I. (a) Cathode ray particles when strike the electrons of 
glass atom, the electrons of glass atom are excited and 
move to higher energy levels. On de-excitation, they fall 
to their ground state and release energy. As energy 


levels are characteristics of glass, glow depends on glass. 


12. (c) Sensitivity of a photoelectric materials greatly 


depends on its surface characteristics. When emitter 
Plate is coated with a materials of low work function, 
photoemission occurs even at low frequency. 

(a) We know that, intensity is energy per unit area per unit 
time. 

~ (a) The number of photoelectrons emitted per second is 
directly proportional to the intensity of incident 
radiation and kinetic energy of photoelectrons depends 
on frequency of incident radiation. 


+ (b) Work function is the minimum energy required to 
eject the photoelectron from photosensitive metal. Hence 


photoelectron is zero. 

19. Intensity It is the numiber of photons passing through 
an area in a given interval of time. Its SI unit is 
watt/steradian. 

20. In photoelectric effect, we can observe that most 

electrons get scattered into the metal by absorbing a 
photon. 
Thus, all the electrons that absorb a photon does not 
come oul as photoelectron. Only a few comes out of 
metal whose energy becomes greater than the work 
function of metal. 

21. The value of threshold frequency is more than 10" Hz, 


22. Since, work function is given as, 
W, = hy, 
> Wo = Vo 
As work function of metal X is higher than metal Y, so 
metal X has higher threshold frequency than metal Y. 
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23. We know that, 


24. 


26. 


28. 


29. 


30. 


31. 


Hence, metal B has lower threshold wavelength. 


The photocurrent increases linearly with the intensity of 
incident radiation. . 


|. Curves 1 and 2 correspond to similar materials, while 


curves 3 and 4 represent different materials, since the 
value of stopping potential for the pair of curves 

(1 and 2) and (3 and 4) are the same. For given frequency 
of the incident radiation, the stopping potential is 
independent of its intensity. So, the pairs of curves 

(1 and 3) and (2 and 4) correspond to different materials 
but same intensity of incident radiation. 


Metal A has higher value of work function because the 
slopes of both materials are constant and the intercept 
of the line depends on work function. 


AS, Keggy = hV— Wy 
K max + Wo 

A 
*: Wo, > Wo, and K,,. is same, hence v, > V,. 
We know that, 


ve 


Kg. = €V9 = KV=Vp) 


Here, v=, 
ce eV, = h(v, - v5) 
= eV, =0 

y= 


Hence, stopping potential becomes zero when frequency 
of incident radiation is equal to threshold frequency. 


All the electrons in the photo-sensitive material do not 
belong to the highest level of energy. The energies of 
the free electrons in the material belongs to many 
different closely spaced levels. So, the energies of the 
photoelectrons emitted from the material are distributed 
over a certain range. 


Since, 


So, 


Stopping 
potential 
x 
=Vp 

= Retarding potential 


© Collector piate 
potential 


33. 


34. 
35. 


36, 


37. 
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Variation of photoelectric current versus potential for 
different intensities. 


. According to first statement, when the materials which 


absorb photons of shorter wavelength has high energy 
of the incident photon on the material and low energy 
of emitted photon of longer wavelength. 
But in second statement, the energy of the incident 
photon is low for the substances which has to absorb 
photons of larger wavelength and energy of emitted 
photon is high to emit light of shorter wavelength. 
This means in this statement material has to supply the 
energy for the emission of photons. But this is not 
possible for a stable substances. 
For a given frequency, intensity of light in the photon 
picture is determined by 

p= Snerey of photons _ nxhy 

“~~ area X time = AXt 

where, n is the number of photons incident normally on 
cross-sectional area A in time t. 
Refer to text on page 440. 
The number of photons of beam A = 


The number of photons of beam B= ny 
According to the question, ny = 2ng 
Let v, be the frequency of beam A and v, be the 
frequency of beam B. 
Intensity « Energy of photons 
= 1 (hv) x Number of photons 
Jy maa 
Is NgV5 
According to the question, 1, = Is 


Va = MgVg OF 


So, Vy = 2Vq 
The intensities for both the monochromatic radiations 
are same but their frequencies are different. It 
represents 
(i) the number of electrons ejected in two cases are same 
because it depends on the number of incident 
photons, 
(ii) As, KE jue = AV ~ by = he/A — Oy 
[Einstein's photoelectric equation] 
+. The KE, of violet radiation will be more. 
(i) Here, it is given that, an electron absorbs 2 photons 
each of frequency y, then v’ = 2v 
where, v’ is the frequency of emitted electron. 
Given, Ex, = AV — Oy 
Now, maximum energy for emitted electrons, 
Ehax = h(2V) ~ 65 
= thy — 4 
(ii) The probability of absorbing 2 photons by the same 
electron is very low. 
Hence, such emission will be negligible. 
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38. The variation of stopping potential with the frequency 
* ofradiation, incident on a metal plate is a straight line 
‘ABas shown in the figure, 
Take two points C and D on the graph, 


Stopping [V2 
potential (V) 


Frequency of radiation (v) — 


The corresponding frequency of radiation is v,, Vv, and 

stopping potential is ¥,, V,. 

Then, eV, = hv, ~ 6) and eV, = hy, 
e(¥,-Y)=h(y, -¥,) 


or 


Thus, Planck's constant can be determined. 

39. During photoelectric emission, the 
momentum of incident photon is 
transferred to the metal. At microscopic 
level, atoms of a metal absorb the photon a 
and its momentum is transferred mainly ight 
to the nucleus and electrons. 


Metal 
The excited electron is emitted. Therefore, the 
conservation of momentum is to be considered as the 
momentum of incident photon transferred to the 
nucleus and electrons. 


40. Given, 4 =4125nm =4125 x10 m 

he _ 66310! «3 «10° F: 
A 4125 «107 «1.610 
=301eV 


From the given question, work function (0) of the 
following metals are given as 


Nas 1.92,K 215 
Ca 3.20, Mo 4.17 


As the given energy is greater than the 
work function of Na and K only, hence these metals 
shows photoelectric emission, 


Refer to text on page 438 (Photoelectric Effeet and Wave 
Theory of Light) 


From Einstein's photoelectric equation, 


y 


41. 
42, 


"7 1 2 
Kaw =m =hv-Vv9) 


Where, h= Planck's constant, 
V = frequency of incident light 


and , = threshold frequeney of the photosensitive 
Surface, 


Electron 


45] 


So, for photoemission to takes place, v> Vo. 
‘As the wavelength of light incident is same for all the 
three surfaces, so 


(a) threshold frequency of surface A is higher than the 
frequency of incident light, as no emission takes 
place. 


(b) threshold frequency of surface B is equal to the 
frequency of incident light, as photoelectrons are just 
emitted. 


(©) threshold frequency of surface C is lower than the 
frequency of incident light, as the emitted 
photoelectrons have some kinetic energy. 


” (ola > (Vole > ole 
43. (i) Refer to the text on pages 435 to 437. 
(ii) Refer to the text on page 438. 
4A, (a) The variation of stopping potential (V,) for the 


photoelectron versus () graph is as shown below 


Take any two points C and D on the graph as shown 


above. 
According to Einstein's photoelectric equation, we 
can write, eV, = ie 4, ai) 
x 
where, 9, is the work function of metal A. 
and eV, Le oy .. ii) 
Subtracting Eq. (i) from Eq, (ii), we get 
=> eV; - Vy) = he} ieee 
a, 

or ae MW) VAR, 

{3 -1) Aya) 

a, A, 

Thus, Planck's constant can be determined from 
graph, 


Note Since, his a constant, so it will be same for both 
metals A and B. 

(b) Stopping potential (V,) for the electrons emitted will 
not be affected by the increase in distance between 
light source and the metal surface A. This is because 
Vo is independent of the intensity of the incident light 
but depends only upon the frequency (or wavelength) 
of incident light. So, increase in the Given distance 


affects only the intensity of the light but not the’ 
frequency. Thus, V, remains same, 
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45. (i) Since, we know that, to cject an electron, a photon 
must have energy at least as great as work function 
(W,) and thus the minimum or cut off frequency to 


WV 
¢ject an electron is fy = —2. 


n 
If the incident light has the frequency below this cut 
off frequency, electrons are not ejected from the metal 
surface, so we have to increase the value ee 


ie. decrease the value of wavelength (= vey 


(ii) (@) is the best explanation. 


46. (i) Since, photoelectric current depends intensity of 
incident radiation and does not depend on the 
frequency of incident radiation. Therefore, when 
frequency of incident radiation is increased to double, 
then photoelectric current remains same. This is 
shown in the following graph 


Photoelectric current 


— 
Vi=v vp=2v_ Frequency 
(ii) Kinetic energy of emitted photoelectrons, 


1 
Kamin “AV = Key 
Hence, on increasing the frequency of incident 


radiation to double, kinetic energy of emitted 


Photoelectrons also will increase to double. This is 
shown below 


| 


KI, 
Yo, 
= Frequency (v) 


We 


where, Vo = threshold wavelength, 
47. For the graph, refer to text on page 437. 


(i) From the graph for the same value of v , stopping 
potential is more for material B. 
As, V= Hay) 
e 


«. Vis higher for lower value of vy, Here Vy < V4, 80 
Vg> Vy. 


(i) Slope of the graph is given by " which is constant for 
j 


all the materials. Hence, slope of the graph does not 
depend on the nature of the material used. 
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48. Cut-off voltage and threshold frequency 
Refer to text on pages 436 and 437. 

Graph between stopping potential (V,) and 
frequency (Vv). 
Refer to text on page 437. 

49. For cut-off frequency, refer to text on page 437. 
Given that threshold frequency of metal is f and 
frequency of light is 2/. Using Einstein's equation for 
photoelectric effect, we can write 


7 
haf f= sme (i) 
Similarly, for light having frequency 5f, we have 
1 
NGF f= mv a) 


Using Eqs. (i) and (i), we find 


50. Refer to the text and graph on page 437. 


51. (i) Refer to text on page 438. 
(i) Energy of incident photon is less than work function 
of P but just equal to that of Q. 


(i) For Q, 
Work function, 6) = Rey 
e 


_ 66x10 x10 
"16x10 
=41eV 

i) Refer to text on page 474, 

Since, Einstein's photoelectric equation is given by 


i Soh , 
KE gag = 5am = AV hg = eV, 


(a) Fora given material, there exist certain minimum 
frequency of the incident radiation, below which 
no emission of photoelectron takes place. This 
frequency is called threshold frequency (Vo) 
Above threshold frequency, the maximum kinetic 
energy of the emitted photoelectron or equivalent 
stopping potential is independent of the intensity 
of the incident light but depends only upon the 
frequency of the incident light. 
If the collecting plate in the photoelectric 
Spparatus is made at high negative potential, then 
most of the high energetic electrons get repelled 
back along the same path and the photoelectric 
current in the circuit becomes zero. So, for 8 
Particular frequency of incident radiation, the 
minimum negative potential for which the electric 


current becomes zero is called in 
cut-off or stopping 
potential (V, ) ° 7 


b 


56. 
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58. Einstein's photoelectric equations and its features 
Refer to theory on pages 438 and 439, 


According to the photoclectric equation, 


i 2 
Kae = 5 Winn =~ ty 


Kea =5-~% (i) 


Let the maximum kinetic energy for the incident 
radiation (of wavelength 2.5) be K's... 
he 


= Kae = Oia % (ii) 


From Eqs. (i) and (ii), we get 


he h 
ty = {i -*| 


5 


= 


(a) Refer to text on page 438. 
Refer to text on page 436. 


55. (a) The energy of photoelectrons in a photocell is given 
by, 
E= WG =IvoE«v 
So, if the frequency of light incident on the cathode is 
increased, the energy of photoelectrons increases 
linearly. 

(b) As, photoelectric current/photocurrent of the 
photocell is independent of frequency of the incident 
light, till intensity remains constant. So, when the 
frequency of light incident on the cathode of 
photo-cell is increased keeping other factors same, 
the photoelectric current remains the same. 


Main implications of observations obtianed from various 

photoelectric experiments given as 

(i) Fora given material and a given frequency of incident 
radiation, the photoelectric current or number of 
photoelectrons ejected per second is directly 
proportional to the intensity of the incident light. 

(ii) For a given material, there exists a certain minimum 
frequency of the incident radiation below which no 
emission of photoelectrons takes place. This 
frequency is called threshold frequency. 


59. We know that, 
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Above the threshold frequency, the maximum kinetic 
energy of the emitted photoelectrons or equivalent 
stopping potential is independent of the intensity of 
the incident light but depends upon only the 
frequency (or wavelength) of the incident light. 

Photoelectric Effect and Wave Theory of Light 

Huygens’ wave theory of light could not explain the 

photoelectric emission due to the following main 

reasons 

(i) According to the wave nature of light, the free 
electrons at the surface of the metal absorb the radiant 
energy continuously. 

The greater the intensity of radiation, the greater 
should be the energy absorbed by each electron. The 
maximum kinetic energy of the photoelectrons on the 
surface is then expected to increase with increase in 
intensity. 

But according to experimental facts, the maximum 
Kinetic energy of ejected photoelectrons is 
independent of intensity of incident radiation. 

(ii) According to wave theory of light, no matter what the 
frequency of radiation is, a sufficiently intense beam 
of radiation should be able to impart enough energy 
to the electrons, so that they exceed the minimum 
energy needed to escape from metal surface. 

A threshold frequency, therefore should not exist 
which contradicts the experimental fact that, no 
photoelectric emission takes place below that 
threshold frequency, no matter whatsoever may be its 


intensity. 
57. Given, cut-off voltage, 
V,=15V 


0 

Maximum kinetic energy is given by, 
KE guy = EV) =1.5 eV 

S15x1.6x107 


= 24x10] 


58. Given, = 4.2eV 


=4.2x16 x10" J 
= 672 x10" J 
and A =330nm =330x10"m 
he 


Energy of incident photon, E = 


a 


_ 6.63% 10" x 3X 10" 
330% 107 
27x 10° 


As energy of incident photon E < 9, hence no 
photoelectric emission will take place. 


hy = hvg +eVy 


1 
where, Mas mv" aux 


=4eV or eV, =4eV 
Vv, =4V 
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60. Given, slope of graph, 
tan 8 =4.12x10"" V-s 


Vv 


Charge on electron, e =1.6% 10" C 
Slope of graph of cut off voltage versus frequency is 
¥ 


tan@= 
7 
Vik 
We know that, hv=eV or —=4 
voe 
3 gy x10 
e 
= h=16 x10"? x 4.12 x 107? 


= 6592 x 10-4J-5 


61 (i) Energy = eV = hy , 
ac eV _ 16x10" x30x10° 


or v= =7.24x10" Hz 
h 6.63 x10" 
(ii) As, c=vA : 
iT 
~. Wavelength, 4 = ae = 00414 nm 
24 x10 


62. (i) As given in the question, 
Iemin = 045.A = 04510" m 
‘The maximum energy of an X-ray photon is, 
he 


Epay = AV gaax = —— 


‘min 
_ 663 x10 x3 x 10° 
045 x10 

_ 663%3x10% 
045 x16%10 
= 276 x10 eV 

= 276keV 


(ii) In X-ray tube, accelerating voltage provides the energy 
to the electrons which produces X-rays, For getting 
X-rays, photon of 27.6 keV is required such that the 
incident electrons must possess kinetic energy 


27.61 keV. 
Energy = eV=E, eV = 27.6 keV 
V = 27.6 kV = 30kV 
So, the order of accelerating voltage is 30 kV. 
63. Using the formula for kinetic energy, 
Cut-off voltage, v, = (¥= Yo) 
e 
6:63 10 (8.2x 10" — 3.3x 10!) 
ee eR 33% 10) 


=203V 
1.6x10"" 


G4. 


65. 


66. 


67. 


68. 
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Given, 4 =5000A =5x107 m 


and hp = b2eV = 1.2%16x10°"J = 192x107} 
he _ he 
We know that, eV, = hiv hv = 5~— 
_ he 
=helk = = ‘| 
he _ by _ 662x107" x3x10" _ 192x107" 
Moe 16x10 x5 x10 16x17 
= 24825-1.2=1.28V 
Given, 
v=7.21x 10" Hz, m=9.1x 10 kg 


Vinax = 6X 10° m/s 
Let V, be the threshold frequency. 
Use the formula for kinetic energy, 


KE= $V ae = hy— Avy, 
=} x9.1x107 x(6x105)' = 6.63x107(v—v,) 
2 


36x91 x10 
2% 663 x10" 
Vp = 4.74 x 10"* Hz 


= 2.47 x10" Hz 


Given, for the first condition, } = 600nm 


For the second condition, 4’ =400nm 


Here, 


= (ze 7 
600 


=> 


Total energy of 2 y-rays = 10.2 BeV= 10.2x 10° eV 
+, Energy of each y-rays, 


+ 
Bes (10.2 x 10° x16 x10") J=8.16 x 107 


As energy of y-rays, 


R= hy= 


a 
1 = He _ 663 x 10™ x 3 x 108 


= 2.43x 107m 
E 816 x 10° 
Given, ar = 4.28eV, >, = 287eV 
Also, b=hy, 
ca ay =4.28eV = hvg,, 
4.28 x1.6x10-” 
= Voar = =1.03x10°Hz 


662x107# 


P 19 
Similarly, v,,, = 287*16x10-" 


ea2miy3 = O93 x10"Hz 
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) Aluminium requires higher frequency of light to 72. Given, work function of caesium metal, 6, =2.14 eV 


produce photoelectrons, ie. 103% 10" Hz 


(i) Ca has minimum frequency, i.e. 693 x10!"Hz that will 
produce photoelectrons from each surface. 


69, Energy of the incident radiation of wavelength A, 
he _ (663 X 107) x (3 x 10°) 
“3300 x10” x1.6x10" 
=376eV 
This energy of the incident radiation is greater than the 
work function of Na and K but less than those of Mo 
and Ni. So, photoelectric emission will occur only in Na 
and K metals and not in Mo and Ni, 
Ifthe laser is brought closer, the intensity of incident 
radiation increases. This does not affect the result 
regarding Mo and Ni metals, while photoelectric current 
from Na and K will increase in proportion to intensity. 


70. (i) Since, Q has greater negative intercept, it will have 
greater 9 (work function) and hence higher threshold 
frequency. 

(ii) To know work function of Q, we put 
V =0in the following equation, 


= b=hv 


=66x10™ x6x10 J 

66% 6x10” 

= SEXOKIO va 25ev 
16x10 

(iii) From the equation, vA 


3x10° _ 30 


> 7a x10 Mm 
vo 8x10 8 
30 = 
ary x10° x10""m = x10°A =3750A 
12375 _ 12375 
Energy =~ = =~ eV =33 ev 
er A(A) 3750 
“+ Maximum KE of emitted electron =33 - 2.5 eV 


=08eV 
TL (i) Refer to Q, 56, 

Thus, work function of Bis higher than A. 
he 2 
© (10—5)x10" 

2xe 2x16 x10” 
5x10" 5x10" 
= 64 10 Jes 
h 25 
e (15 —10) x10" 
19 


Since, the value of h from experiment for metals A and 


B is different, Hence, experiment is not consistent 
with theory. 


(ii) For metal A, slope 


or 


For metal B, slope = 


or oh 


Frequency of light, v = 6 « 10" Hz 
(i) Work function, $, = 214 eV, v=6 x10" Hz 
o Kay = AY $y 
= 663 x10 x6 10" = 214 
_ 663% 6x10" 
~~ 16x10 
= 248 - 214 =034 eV 
(ii) Let stopping potential be V,. 
We know that, KE... = €Vy 


eV—214 


= 0.35 eV = eV, 
V, =035V 
(iii) Maximum kinetic energy, KE... = dvi 
1 


035 eV =< mixx 
(where, v,... is the maximum speed and m is the mass 
of electron) 
035% 2x 16x10" 3 -' 
Sie Me | (eH 18 x10] 


= Vij, = 0.123 x 10 


=> Vouy = 35071355 m/s 
= 3507 kmis 


73. Refer to Q. 59 


h= 6377 X10 J-s 


7A. Here, for neon lamp, A = 640.2 nm = 640.2 x 10m 


V) =054 V 
he 
x % 
he 
ra 
_ 663 x10" x 3 x 10° 
640.2 x 107 


(3.1 x 10° —0.864 x 107") J 


We know that, eV, 


<. Work function, 0, 


— 16x 10°" x 0.54 


_ 2.236 x10" 
Le x10? 


2.236 x 10°! J eV =14eV 


For iron source, 4 =427.2 nm = 427.2 «10° m 


44 o 

wey = ue = Sse ne = 2.236 x 10° 
a 427,.2x10" 

= (4.656 x 10° ~ 2.236 x 10°) J 

= 242x107") 


o 
. Stopping potential, Vy = 2422-10" 


24; x10 | 
© Tox? 1.51V 
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75. Given, the following wavelengths from a mereury 
source were used 


A, =3650A = 3650x107" m 
A, = 4047 A= 4047x107" m 
A, = 4358 A = 4358 10°" m 
A, =5461A = 5461x107 m 
2, = 6907 A =6907 x107 m 
The stopping voltages are as follows: 


Voy = 1.28 V, Voz = 0.95 V, Voy = 0.74 V 
.16 V and Vi, =0 


Frequencies corresponding to wavelengths, 


Veg = 


s 
eit = 8.219 x10" Hz 
3650 X10 
Similarly, 
Vv; =7.412 x10" He, v, = 6.884 x10! Hz 


¥ 


5.49310" Hz, v, = 4.343 x10" Hz 


As we know that, eV, = hv — 5 
Gah 
ee 
As the graph between V, and frequency Vis a straight 
line. 


The slope of this graph gives the values of /, 
e 


hh _Vou—Vow _ 128-016 aa 
€ WV, (8219-5493) x10" 2.726 104 
paid? x16 x 107% 


2.726 x10" 


= 6.573 x10™ Jes 


AS, Vaverage = 5% 10" Hz [given] 
+ Work function, 95 = hv, = 6.573x 107 x § x 10" 
= 32.865 10° J = 2.05 eV 


76. Weave, E= hv =e 


g = 86310 x3x10° 
. 400010" 


. Maximum wavelength of visible light 
(ie. of red light) is 7800 A. 


. he _ 12400 (eV - A) 
Pas fred light, & = © = 12400 (eV - A) 
ete 2 ~~ 7800 (A) 
78. Energy of a photon, E = = 


= 496x107" J 


=16eV 


+. Number of photons incident 


per square metre per 
second, 


= 384 x 10” photons/m?-s 


79. 


80. 


81. 


82. 
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Suppose wavelength of X-rays is A, and the wavelength 
of visible light is ,. 

P=100W, A, =1nm, A, =500nm 

Also, n, and n, represent number of photons of X-rays 


and visible light emitted from the two sources per 
second, 


So, 


Given, 


=> 


Refer to example 4 on page 475. 
(i) E=211eV (ii) n=3x10" photon/s 
Here, A =500nm =5x107 m 
Energy of one photon 
_ he _ 663x10™ x3x10" 
“he 5x10" 
= 398x107 J 
A bulb of 100 W supplied 100 J of energy per second. 


«Energy released per second as visible photons 
_ 00x10 


100 


=10) 

“Number of photons emitted per second as visible light 
10 

3.98 x10" 

Here, 1=10° Wm 


25x10" 


A=2x104 mm? 
n=5,t=2, 


= 2eV 


=2xlex1o ?y 


Sodium has one conduction electron per atom and 
effective atomic area = 10 


em 
Number of conduction electrons in five layers 


= 5* Area of one layer 5x 21074 


3% Area of one layer 
Effective atomic area 
Incident power, P = 


Intensity x Area 

=10° x2x1074= 2x10 W 
According to wave picture, 
uniformly absorbed by 
Hence, energy 


the incident power is 
all the electrons continuously. 
absorbed per second per electron 
= Incident power 
Number of electrons ot 


sexo 


1087 


layers 


= 2x 107% Ww 


Time required for Photoelectric emission will be, 
1 = Energy required per electron for ejection 
Energy absorbed per second per atom 
—2X1.6x 107 
2x19 


=1.6 x 107s 


Matter Wave 


ve theory of electromagnetic radiations explained the 
a 


w menon of interference, diffraction and polarisation 


eno! 
of light. 
on the other hand, quantum theory of clectromagnetic 
diations successfully explained the photoelectric effect, 
Compton effect, black body radiation, X-rays spectra, etc, 
From photoelectric and Compton effects, it is clear that a 
rticle (photon of radiation) is colliding against another 
icle (electron). It is due to this reason it was concluded 
that, in photoelectric effect and Compton effect, the 
radiation possesses particle nature, 
Ir means radiation sometimes behaves as a wave and 
sometimes as a particle. Therefore, Louis Victor de-Broglie 
suggested that the particles like electrons, protons, 
neutrons, etc. have dual nature, i.e. they can have particle 
as well as wave nature. 


Note Matter cannot exist both @s a particle and as a wave 
smultaneously. Al a particular instant of time, it is either the one or 
the other aspect, i.e. the two aspects are complementary to each 
her. 


WAVE NATURE OF 
PARTICLES: 
(DE-BROGLIE HYPOTHESIS) 


According to de-Broglie, a wave is associated with moving 
material particle which controls the particle in every respect. 
The wave associated with moving material particle is called 
matter wave or de-Broglie wave whose wavelength is called 


deBroglie wavelength which is given by = ti 

mv 
where, m and v are the mass and velocity of the particle and 
his Planck’s constant, 


According to Planck's quantum theory, the energy of the 
Photon is given by 


he F 
E=Ww=— wi) 
pear 
According to Einstein’s theory, the energy of the photon is 
Biven by 
E=me? wail) 
Therefore, from Eqs. (i) and (ii), we get 
h= ble or 
me 


where, p= me is momentum of a photon. 


Ifa material particle of mass m is movin 
then momentum of the particle, p = my. 


According to de-Broglie hypothesis, the wavelength of wave 
associated with moving material particle becomes 


p “| 


which is the expression for de-Broglie wavelength. 


From the above expression following observations we made 


g with velocity », 


(i) The de-Broglic wavelength 22+. If the particle 
3 


moves faster, then the wavelength will be smaller and 
vice-versa. 

(ii) IF the particle is at rest (v=0), then the de-Broglie 
wavelength is infinite (1 =e), Such a wave cannot 
be visualised. 

(iii) The de-Broglie waves cannot be electromagnetic in 
nature because electromagnetic waves are produced 
by motion of charged particles. 

(iv) The wavelength of a wave associated with moving 
particle defines a region of uncertainty, within which 
the whereabouts of the particle are unknown. 

These facts lead to Heisenberg’s uncertainty principle. 
According to this principle, it is not possible ro measure 
both the position and momentiim of a particle at the same 
time exactly. There is always some uncertainty (Av) in the 
specification of position and some uncertainty (Ap) in the 
specification of momentum, The product of Ax and Ap is 


of the order of f, (with f= =, 
an 


. _4 
ie, Av Ap=h= or 


Common Features of Matter Waves 
Some common features of matter waves ate as given below 
(i) Matter waves can travel in vacuum and hence they are 
not mechanical waves. 

(ii) Matter waves are probability waves, amplitude of 
which gives the probability of existence of the particle 
at the point.[fat a point, the amplitude of the wave is 
A, then probability of the particle being found ina 
small volume ¢V around that point is|A|° dV. 


458 


EXAMPLE |1| An electron and a photon each have a 
wavelength 1.00 nm. Calculate 
(i) their momenta, 
(ii) the energy of the photon and 
(iii) the kinetic energy of electron. NCERT 
Sol. Given, A =1 nm = 1x 10° m,h=6.63x 10™ J-s 
c=3x 10" m/s, p =?, E=?,K=? 


( Momentum of the photon, p, = a 
6.63 x 10 


1x 10° h 
Momentum of the electron, p, = >~ 


= 6.63X 107 kg-mn/s 


_ 6.63 10" 
1x10? 
(ii) Energy of the photon, 


= 6.63 10° kg-m/s 


- . 
63 X10" x3 x10 = 99 x10"*] 
1x10 
(ii) Kinetic energy of the electron, 
? “25y2 
Ka PL = 68x Y Loar x10) 


2m, 2x91 x10" 


EXAMPLE |2| A proton and an electron have same 
de-Broglie wavelength. Which of them moves fast and 
which possesses more kinetic energy? Justify your answer. 
Sol. Kinetic energy of particle of mass m having momentum 


pis given by 
2 
K=£ = p= J2mK 
2m 
ho 
The de-Broglie wavelength, A =— = 
el eth, Po lek. 
p= ; Ai) 
B 


sai) 


and K= 


If is constant, then from Eq, (i), we get 
p =constant, ie. mv, = mv, 


Be cy 


or vy < ve 


If, is constant, then from Eq, (ii), K % > 
m 


K 
woh Ze c1ork,<K,. 

K. Mp 
It means that the velocity of electron is greater than that 
of proton, Kinetic energy of electron is greater than that 


of proton. 
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Relation between de-Broglie 
Wavelength (1) and Temperature (‘7 


From kinetic theory of matter, the average kinetic ener of 
a particle at a given temperature T kelvin is given by 


Ks rkT 
2 
where, & = Boltzmann constant. 
Ifa particle of mass m is moving with velocity v, then its 


kinetic energy is, 
K==mv? 
2 


Momentum of particle is 


p=mv = V2mK 
=, [2m x3 AT = \3mkT 


bb 
de-Broglie wavelength 2 = = = 


> 


EXAMPLE |3| Find de-Broglie wavelength of neutron 
at 127°C. Given, mass of neutron =1.66 x 10” *” kg, 
Boltzmann constant, k= 1.38x 10-*J mol-* K", 

and Planck's constant, h =6.63x 10-* J-s. 


Sol. Here, 
T =127°C= 127+ 273= 400K 
Energy of neutron at127°C, 


Es 3 k= 3 «138 x10 x 400 


=8.28x 107" J 
h 
2m 


a 


6.63 107 


= 1.264 x10 m 
= 1.264A 


de-Broglie Wavelength of an Electron 
Let an electron of charge ¢ having mass m be accelerated 
from rest through a potential difference V, then 


A Ta Fee OY 
Gain in kinetic enérgy of an electron = es my? 
2 


Work done on the electron = eV 


1 
ym =eV 
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2eV 
v=,J— 
a m 


Momentum is given by p= mv = V2eVm 
‘The wavelength associated with moving charge is given by 
h 


arg 2meV fi 


Jfaccelerated charge is electron, then 1, = 


h 
\2eVm, 


Substituting the numerical values of b, m, ande in Eq, (i) we 
ect 


where, m, = mass of electron. 


a 6.63 x10™ 
eee ts 
2x9x10™" x 1.6% 10"? xV 
ae 
=—— x10 
W m 
21227 5 
V 
1.227 
= nm 
Ww 


EXAMPLE !4] Determine the de-Broglie wavelength 
associated with an -electron, accelerated through a 
Potential difference of 100 V. 


Sol. Given, potential difference (V) =100 V 


" 2.27 12.27 

+ de-Broglie wavelength (1) = 22:27 1227 _ s a974 
7 Ww vio 

In this case, the wavelength associated with an electron 

is of the order of wavelength of X-rays. 
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OBJECTIVE Type Questions 


|. the de-Broglie wave of a moving particle does 
Not depend on 
(a) mass 
() velocity 


2 
The de-Broglie wavelength of a particle of KE, 
Kis 2. What will be the wavelength of the 
Particle, if it’s kinetic energy is Pa 


@) a 
(c) 32 fs a 


(b) charge 
(d) momentum 
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- Aproton, a neutron, an electron and an 
a-particle have same energy. Then, their 
de-Broglie wavelengths compare as 

@A, =A, >4, >, (b)Ag <A, =A, >A, 
(A <A, =A, >2q (DA, =2,=2,=24 


4. Which of the following figures represent the 


variation of particle momentum and the 
associated de-Broglie wavelength? CBSE 2020 


p a 


(a) (b) ! 


(©) © @ 


sy 


The kinetic energy of a proton and that of an 
o-particle are 4 eV and 1 eV, respectively. The 
ratio of the de-Broglie wavelengths associated 
with them, will be 
(a) 2:1 

(c)1:2 


(b)1:1 
(4a 


VERY SHORT ANSWER Type Questions 


6. What consideration led de-Broglie to suggest 
that material particles can also show wave 
property? 

« Are the matter waves electromagnetic in 
nature? 


8. show graphically the variation of de-Broglie 
wavelength 4 with the potential V through 
which an electron is accelerated from rest. 

Delhi 2011 


9. Write the expression for the de-Broglie 
wavelength associated with a charged particle 
having charge q and mass m, when itis 
accelerated by a potential V. Delhi 2013 


10. Aphoton and an electron have the same 
de-Broglie wavelength, which one has higher 
total energy? 


it. A proton and an electron have same kinetic 
energy. Which one has greater de-Broglie 
wavelength and why? All India 2012 
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12. A photon and a proton have the same (Ax x Ap pee ates Te 
de-Broglie wavelength A. Prove that the energy position ra asetion ineV. NCERT Exem 
of the photon is (2mAc/h) times the kinetic energy of the plar 


energy of the proton, CBSE 2019 LONG ANSWER Typel Questions 


20. Anclectron, a-particle and a proton have the 
same de-Broglie wavelengths. Which of these 
particle has 


13. A particle with rest mass my is moving with 


velocity c, What is the de-Broglie wavelength 
associated with it? 


14. Plot a graph showing variation of de-Broglie (i) minimum kinetic energy? 
wavelength (A) associated with a charged (ii) maximum kinetic energy and why? 
particle of mass m, versus Ww where V is the In what way has the wave nature of electron 
; ited in electron microscope? 
potential difference through which the particle beam exploited i IP 
is accelerated. How does this graph give us the 21. Electrons are emitted from the cathode of a 
information regarding the magnitude of the photocell of negligible work function, when 
charge of the particle? photons of wavelength ) are incident on it. Derive 
the expression for the de-Broglie wavelength of 
SHORT ANSWER Type Questions the electrons emitted on terms of the wavelength 
15. Why is the wave nature of matter not more of the incident light. All India 2017 € 
apparent to our daily observations? 22. (a) Explain de-Broglie argument to propose his 
16. Show that the wavelength of electromagnetic HyReHicaie ae nae derBroplie 
radiation is equal to the de-Broglie wavelength Mies engi it a fF paren equals 
of its quantum (photon). : NCERT electromagnetic sadatlon: 


(b) If deuterons and alpha particle are 
accelerated through same potential, find the 
ratio of the associated  de-Broglie 


17. Aproton and ano-particle are accelerated 
through the same potential. Which one of the 


two has wavelengths of two. 
(i) greater value of de-Broglie wavelength 
associated with it and NUMERICAL PROBLEMS 


(ii) less kinetic energy? 


23. Aparticle is moving three ti 
Give reasons to justify your answer. 3 Sree wie as fasts an 


electron. The ratio of the de-Broglie wavelength 
Delhi 2014 of the particle to that of the electron is 
18. The two lines marked A and Bin the given 1813 x 10~*. Calculate the particle’s mass and 

figure, show. a plot of de-Broglie wavelength 4 identify the particle. All India 2011 

” ist! i i i 

versus Wr where V is the accelerating potential 24. de-Broglie postulated that the relationship, 

7 bu 
for two nuclei 7H and 7H. ae Pie valid ‘for relativistic particles. Find out 
A ; 
the de-Broglie wavelength for an (relativistic) 
‘ Ps electron whose kinetic energy is 3 MeV. 
25. The Wavelength of light from the spectral 
. emission line of sodium is 589 nm, Find the 
7 kinetic energy at which 
WV (i) an electron and 

(i) What does the slope of the lines represent? Gi) a neutron would have the same de-Broglie 

(i) Identify, which of the lines corresponded to wavelength? NCERT 
these nuclei. Allindia 2010-26, Whatis the 
19. Assuming an electron is confined to al nm fi) momentum (ii) speed'and 

wide region, find the uncertainty in momentum (iti) de-Broglie wavelength of an electron with 
using Heisenberg uncertainty principle Kinetic energy of 120 eV? NGERT 
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a7. 


28. 


29. 


30. 


31. 


32. 


3, 


34, 


35, 


(i) Determine the de-Broglie wavelength of a 
proton whose kinetic energy is equal to the 
rest mass energy of an electron. Mass of 
proton is 1836 times that of electron. 

(ii) In which region of electromagnetic 
spectrum does this wavelength lie? 

All India 2011 


What is the de-Broglie wavelength of 
(i) a bullet of mass 0.040 kg travelling at the 
speed of 1.0 km/s 
(ii) a ball of mass 0.060 kg moving at a speed of 
1.0 m/s 
(iii) a dust particle of mass 1.0x 10° kg drifting 
with a speed of 2.2 m/s? NCERT 


Obtain the de-Broglie wavelength of an 
electron of kinetic energy 100 eV. Mass of 
electron = 9.1x 10° * kg,e=1.6x 10°C, 


h= 6,.63x 10° ** J-s. 


The wavelength of light from the spectral 
emission line of sodium is 590 nm. Find the 
kinetic energy at which the electron would have 
the same de-Broglic wavelength. CBSE 2019 


(i) For what kinetic energy of a neutron will 
associated de-Broglie wavelength be 
140x 10°? m? 

(ii) Also, find the de-Broglie wavelength of a 
neutron, in thermal equilibrium with matter, 
having an average kinetic energy of (3/2) kT 
and temperature is 300 K. NCERT 


Calculate the 
(i) momentum and 
(ii) de-Broglie wavelength of the electrons 


accelerated through a potential difference of 
56V. NCERT 


Find the ratio of the de-Broglie wavelength, 
associated with protons, accelerated through a 
potential of 128 V anda-particles, accelerated 
through a potential of 64 V. Delhi 2010C 


Aproton and ana-particle have the same 
de-Broglie wavelength. Determine the ratio of 
(i) their accelerating potentials 


(ii) their speeds. All India 2015 


An electron microscope uses electrons 
accelerated by a voltage of 50 kV. Determine the 
de-Broglie wavelength associated with the 
electrons. 


36. 


37. 


38. 


39. 


40. 


A. 


42. 
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Taking other factors, such as numerical 
aperture, etc,, to be same, how does the 
resolving power of an electron microscope 
compare with that of an optical microscope 
which uses yellow light? — NCERT, All India 2014 


Crystal diffraction experiments can be 
performed using X-rays or electrons accelerated 
through appropriate voltage. Which probe has 
greater energy? (For quantitative comparison, 
take the wavelength of the probe equal to 1A, 
which is of the order of interatomic spacing in 
the lattice.) (m, = 9.11 x 107"! kg) NCERT 


An electron is accelerated through a potential 
difference of 64 V. What is the de-Broglie 
wavelength associated with it? To which part of 
the electromagnetic spectrum does this value 
of wavelength correspond? 


Compute the typical de-Broglie wavelength of 
an electron in a metal at 27°C and compare it 
with the mean separation between two 
electrons in a metal which is given to be 


about 2x10-' m. NCERT 


Find the typical de-Broglie wavelength 
associated with a He atom in helium gas at room 
temperature (27’ C) and | atm pressure and 
compare it with the mean separation between 
two atoms under these conditions. NCERT 


The de-Broglie wavelength associated with an 
electron accelerated through a potential 
difference V is 4. What will be its wavelength 
when the accelerating potential is increased 
to4V? 

An electron gun with its collector at a potential 
of 100 V fires out electrons in a spherical bulb 
containing hydrogen gas at low pressure 

(~107 mm of Hg). A magnetic field of 283x10~ 4 
T curves the path of the electrons ina circular 
orbit of radius 12.0 cm. (The path can be viewed 
because the gas ions in the path focus, the 
beam by attracting electrons and emitting light 
by electron capture, this method is known as 
the fine beam tube method.) Determine e/m 
from the data. NCERT 
the speed with which electrons 
from a heated emitter of an 
ube impinge on the collector 
maintained at a potential difference of 500 V 
with respect to the emitter. Ignore the small 
initial speeds of the electrons. 


(i) Estimate 
emitted 
evacuated t 
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The specific charge of the electron; icc. its 
e/mis given to be 1.76 x 10" C/kg. 

(ii) Use the same formula you employ in (i) to 
obtain electron speed for a collector 
potential of 10 MV. Do you see what is 
wrong? In what way is the formula to be 
modified? NCERT 


| HINTS AND SOLUTIONS | 


L. (b) de-Broglie wavelength, 2 ==" 
ern 
So, the de-Broglie wavelength does not depend on 
charge. 


2. (c) de-Broglie wavelength, 2 ni) 
When the KE is < then 
h 
[using Eq. ()] 


“Tp 
b 


3. (b) We know that the relation between ). and Kis given 


by 
ee A 

Vomk 
a 

vm 
Since, m, =m, hence 2, =, 
As, mg > m,, therefore h, <2, 
As, m, <m,, therefore 2, > A, 
Hence, ag Shp = hy che 


4. (b) The de-Broglie wavelength is given by 
L=hip > ph=h . 
This equation is in the form of yx = ¢, which is the 
equation of a rectangular hyperbola. Hence, the graph 
given in option (b) is the correct one. 


5. (b) The de-Broglie wavelength associated with a particle 


is given by 
46, 
2mK 
Given, K, =4eVand K, 
5 Ap _ [maka _ 
ra Vm,K, 
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G. The following considerations led de-Broglie to sugpest 
that material particles can also show wave property 
(i) The Einstein's mass-energy relationship E = me?, ig. 
matter can be converted into energy and vice-versa 
(ii) Wave nature loves symmetry, hence from symmetry, 
consideration particles like electrons, protons shoul 
exhibit wave nature when in motion. 
7. No, matter waves are not electromagnetic in nature, 
because electromagnetic waves are only associated with 
accelerated charged particles, but de-Broglie wavelength 


= Ls i.e. associated with momentum 


1 
8. We know that, A W 


de-Broglia 


I 
oD 
5 
co 
$ 
O Electric potential (V)— 


= 2’V=constant 


9. de-Broglie wavelength, 


10. Total energy of an electron, E, = me* 
Total energy of a photon, E, = * 


de-Broglie wavelength of electron of mass m moving 
with velocity v, 


> m att 
Av 


w+ Energy of an electron, £, = mc? = 22 


he? 
. Fe dv -£ 
E, he oy 

a 


Asc >> v, therefore the total energy of electron is more 
than the total energy of photon, 
UL. de-Broglie wavelength, 


h 
As 3 = Ter where K = kinetic enerey 


For given KE, }, « —! 
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Since, electrons have smaller mass, ie, >}... 
For given kinetic energy, electrons have preater 
de-Broglie wavelength as these have smaller mass. 


he 
i Energy of photon, E, =F 
Energy of electron (moving particle), 


de-Broglie wavelength associated with the moving 
eis 8 
i. = hip or p= hit. 
g, =e 1 


20m 
13. de-Broglie wavelength, 
po et 
my mv 
_ byte le? - 
mc 


14. The de-Broglie wavelength is given by 
h 


[vv=e] 


Thus, it gives a straight line graph. 
4 h 
iV = = slope of graph 
2mq 


Knowing the mass of particle (m) and slope of graph, we 
can calculate charge (q) on a particle. 
15. The de-Broglie wavelength associated with a body of 


mass m, moving with velocity v is given by 2. =—- 
my 


Since, the mass of the objects used in our daily life 
is very large, hence the de-Broglie wavelength 
associated with them is quite small and is not visible. 
Hence, the wave nature of matter is not more 
parent to our daily observations. 

The momentum of an electromagnetic wave of 
frequency v, wavelength ?. is given by 


16. 
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Thus, wavelength of electromagnetic radiation is equal 
the de Broglie wavelencth. ae 
17. (i) The cso io of a particle is given 
2mV.g 
So, potential V, is same. 
Since, a-particle and proton both are accelerated 


through the same. 
a ted 
yn 
he 
or _= 
2, \ mode 
As, charge on a-particle = 2 x charge on proton 
ie 
Ge aad 2 


Mass of a-particle =4 x mass of proton 


= 
Le proton has greater de-Broglie wavelength then 
that of a-particle. 
(ii) KE = q (for same accelerating potential) 
The charge of an a-particle is more as compared to a 
proton. So, it will have a greater value of KE . Hence, 
proton will have lesser KE 
18. de-Broglie wavelength of accelerating charged particle is 
given by 


2mqV y2mq 
(i) The slope of the lines represents = 


where, h= Planck's constant, q = charge and 
m= mass of charged particle. 
(i) ,H? and ,H? carry same charge (as they have same 
atomic number). 
1 
WV = 
vm 


H? is represented by line of 


The lighter mass, ie. 1 
eh H’ by line B. 


greater slope, ie. A and similarly, 
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19, Here, Ax =1 nm= 10 m, Ap=? As, Axdp=h 
4, 
is. ap=t= h = 66 X10 Js 
Ax 2mAx 2x (22/7)(10)m 
- = 1.05 x 10° kg-m/s 


7 Energy (E)= 2 = (40 [ep = Sp) 
am am 
_ (105 x 107) 
2x91 x10 
(1.05 107 y* 


© 2X 9.1x 107 x 1.6x 10°” 


=3.8x 107 eV 
Kee 
2m 


where, Kis kinetic energy and m is mass of particle. 
2 
ee oe [for same wavelength 2] 
2m? 


20. de-Broglie matter wave equation, 


where, m,, im, and m, are masses of electron, proton and 

a-particle, respectively. 

Also, K,, K and K, are their respective kinetic energies. 

ts m,>m,>m, 

=> mgm, > mma > m,M, 

=> K,>K,>Kq 

(i) o-particle possesses minimum kinetic energy. 

(ii) Electron has maximum kinetic energy. 
The magnifying power of an electron microscope is 
inversely related to wavelength of radiation used 
Smaller wavelength of electron beam in comparison 
to visible light increases the magnifying power of 


microscope. 
21 Weknow that, Ma My ny? 
X Ay 2 
Neglecting the work function, we get 
fe od ayt 
aA 2 


de-Broglie wavelength is given by, 4, =—"- 
mv 


. a, =. 
“ *~ Jamhe  V2me 


22. (a) de-Broglie Hypothesis According to de-Broglie, a 
wave is associated with moving material particle 
which controls the particle in every respect. The wave 
associated with moving material particle is called 
matter wave or de-Broglie wave whose wavelength 
is called de-Broglie wavelength which is given by 


h 
ae 
my 
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i ticle, v is velocity of 
where, m is mass of the part rate 
particle and h is Planck's constant. 

‘This means the mass and radiation are symmetrical jn 


nature. ; 
According to de-Broglie equation, wavelength, 


P 


where, p = momentum of photon. 
AV 
=me=— 
c 
he 
Iv iv 
which is equal to the wavelength of an 
electromagnetic radiation. 


(b) The de-Brogile wavelength of a particle is given by 
h 
he 


* 1 
Since, Vy is same, so 4 &©—— 
mq 


For deuteron, qy = + ¢, my = 2m, 


For o-particle, q, = + 2e,m, =4_m 
ha [ttada — [2ex4m, 
. ha Vaqumy ex2m, 


=21 
particle = 3 Vetectoon (i) 
and isaite = 1.813 107 © sexi 
As, As [de-Broglie equation] 
mv 
=p Moaicle _ retecuon * Yetectoon 
m, a 


electron particle % Vparicte 


Aco % Velesron 


©1813 10" §X Racnon BV 


“ Meanie = 1839 m, [given] [from Eq, (i)] 


lecom 

=1839x9,1 x10" 

= 1.67310" kg 

+ Particle is either a proton or a neutron, 
24, de-Broglie wavelength, 


Weel 
VamK 


Substituting the given values, we get 
4 =358 «107m 


25. Given, wavelength of light, 


= 589 nm= 589x 10° m 
Mass of electron, m, =9,1% 1072! kg 


Mass of neutron, m, =1.675% 10-7 kg 
Planck's constant, h = 6,63x 10 J-s 
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) Using formula, 4 = at 
(i) Using Tene 
Kinetic energy of electron, 
_ (6.63x 10)? 
«Dim, 2x (589x 107)" x 9x 10 


= 6.96x 10" J 
(ii) Kinetic energy of neutron, 
(6.63% 10)? 
2m, 2x (589% 10°) x 1675x107 
= 3.81x 10 J 


K,= 


96. Given, kinetic energy = KE= 120eV 
(i) Momentum, p = 2 eVm = ./2 KE-m [: KE=eV] 
= 2x 120x 1.6x 107 x 9.1 1907 


=5.91x 10% g-m/s 
(i) We know that momentum, p = mv 
Pp _5.91 x10 


or v EUR: 
m 91x10 
= 6.5 10° m/s 
(iii) de-Broglie wavelength associated with electron, 
12.27 ,_ 12.27 
ls A==A 
vv vi20 


= 0.112 10%m =0.112nm 
27. (i) de-Broglie matter wave equation is given by 


p=VamK 
where, m= mass of proton and 
K = kinetic energy of proton. 
According to the question, kinetic energy of proton, 
K=m,c* [using Einstein's mass-energy relation] 
= je 
yf 2m (m,c*) 
h 
Yee-fm-m, 
A 
v2 cm, ¥1836 
= 6.63 x 10°* 
"L414 x (3 x10°) x 9.1 X10™ X 42.8 
=4x 10% m 
(i) This region of electromagnetic spectrum is y-ray. 
- (i) Given, mass of bullet, m= 0040 kg 
Speed of bullet, v = 1000 m/s 


[+ m=1836'm,} 


4 
de-Broglie wavelength, A = = mice sla 
mv 0,040x 1x 10 


= 1.66 x10 m 
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(ii) Mass of the ball, m = 0.060 kg and speed of the ball, 


v=lm/s 
y= 266310 
my 0,060 %1 
=11x10 m 


(ii) Mass of a dust particle, m=1%107 kg and speed of 
the dust particle, v = 2.2 m/s 


ae An 883% 10 
mv 1x 10° x 22 
= 3.0% 10% m 


29. Refer to Q.28 on page 461, 2 =12x10-'m 
30. Given, 4 =590 nm = 590x 10° °m 
. h A 
de-Broglie wavelength (1) = s = =a 
where, m is the mass of electron. 
6626 x10" * 
2x 911x 
=> 2x91 X10 XE aCe 
590 x10 
=0112 x10"? 
= 2x911x10" x E=(0112x10°3)* 


Thus, 590x107? = 


000012544 x10"? 
2xo1xi0* 


= 6884 x 10° J 
31. (i) Refer to Q. 26 on page 460. 


=> 


KE =6714 x10 J, using K = 
pues amd? 
(ii) Kinetic energy associated with temperature, 


KE=34T =F (38x 10") x 300 


21x10 J 


‘absolute temperature, T=300 Kand 
Boltzmann's constant, k=1.38 x10 J/K] 


KE=6.21 x10" J 


de-Broglie wavelength associated with kinetic energy, 
h 6.63 x10 


N= = = 
2m, KE Jax1675 x10 x6.21x107 
2145 x10 m= 145A 
32. Given, potential difference, V =56V 
(i) Use the formula for kinetic energy, 


2eV 
eVelmis “=v 
a m 
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where, m is mass and v is velocity of electron. 
Momentum associated with accelerated electron, 


V2 eVm 
= 2x 16x10 x56 x9x10" 


= 4,02 x10" kg-m/s 
(ii) A = 0.164 nm; refer to example 4 on page 459. 


33. de-Broglie wavelength is given by 
pec h 


Vamk — Jamqv 
3 
an 7 


Ratio of de-Broglie wavelengths of proton and a-particle 
is given by 


Ap |imeteVe _ ma |(2e}() 
Aa m4 pV p m, )\ 4p JAY, 


le K=qv] 


Here, 


=> 


[-- @-particle is 4 times heavier than proton 
and it has double the charge than that of proton] 


a 1 
= 4x 2 
2 


aD 
ha 
pig =2A 


34. (i) The de-Broglie wavelength of a particle is given by 
a2 2g 


Ww 


[where,V’ is the accelerating potential of the particle] 
s a, the 
1227 _ 12.27 


~ We 
Yn at 


[given] 


We know that, mg =4 m, 


Ay = he [given] 
h 
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35, 4 =00548A; refer to Example 4 on page 459, 
é 2jtsin® 
Resolving power of a microscope, R= ——<— 


From the formula, it is clear that, if other factors 
remain same, then resolving power is inversely 
proportional to wavelength of the radiation used. 
Wavelength of moving electron is very small as 
compared to that of yellow light, so it has greater 
resolving power than optical microscope. 

36. Given, wavelength of X-rays, 2 =1A=10°" m 

911 *10- "kg 

a 
20m 
(663x10%" 
~ 2x (107)? x 9.11% 107! x 1.6 x 10” 
= 150,78 eV 


Mass of electron, m, 


As, = 


Hi f photon = # 6.63 x10 x 3x 108 
:. Energy of photon = <= = ————__——-—__ 
ee A 1x 107 x 1.6 x10 


=12410' eV © 


Thus, for the same wavelength, a X-ray photon has 
greater kinetic energy than an electron. 

37. Given that, V = 64V 
Now, from the de-Broglie equation, 

12.27 
A 


[.V = 64V] 


=0.153nm 


This wavelength belongs to the X-ray part of the 
electromagnetic radiation. 


38. Given, temperature, 
T = 27°C = 27 +273=300K 
Separation, between two electrons, 
r=2x10"m 


Momentum p = 3m kT 


. = 3x 91x x 1.38 x10"? x 300 


[ek =1.38 x10 J/K] 
= 1.06 x 107 kg-m/s 


er 
de-Broglie wavelength, 4 = ft = 66310 


Pp 1.06 x10 
= 62.610" m 
Mean separation, r= 2x 107" m 
: A _62.6x10-" 
= fa * =313 


r 2x10" 


We can see that de-Broglie wavelength is much great? 
than the electron separation. 
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pul 
gg. Mass of helium atom, = 2 2x16 x10" 
Atomic weight _ 4 x10° - xo 
m= 7 = E 
‘Avogadro's number 6 x 10% = 5,93 10° m/s 
mann constant, k =1.38 x 10™ J mol”! K™! As, the angle between y and B is 90°. 
Boltz1 
; Jength,h = h The magnetic force (F,, = evB) is balanced by the 
de-Broglie wavelength, 4 = Emit centripetal force. 
: my 
+ T=27°C Le, evB = —— 
6.63 x10" : 
= : = (27 + 273)K os e@_v_ _ 5.93x10° 
px AO «138x107 x 300 =300K m Br 283x10*x0.12 
ee <. Specific charge of an electron, 
aoBK nm £21.74 x10" Chkg 
Now, pV = RT =kNT m 
V LAT 42. (i) Given, potential difference, V =500 V 
id N p Specific charge of the electron, 
VY) (ery e/m=1.76 x10" C/kg 
Mean separation, r = (¥) = (=) Kinetic energy of an electron, 
113 KE= my? = eV 
[aes al 2 
LoL x10? = ve Joxwv (i) 
=3.4x10°m im 
a 0,73 10°? = 1.76 x10" x 2500 
= mae =1326 x10" m/s 


(ii) Potential, V =10 MV = 10" V 


40, 4 refer to example 4 on page 459. 7 
e 
\ Again from Eq. (i), v=,|—V 
41. Given, potential at anode, V =100V gain from Eq. (), v= yr 


Magnetic field, B= 2.83 x10" ‘T = 2X1,76 x10" x10" 


Radius of circular path, r= 12cm = 0.12 m =1,8762 x 10° m/s 
31 03 
ineti Ei 4m, = 9.110 kg This speed is greater than the speed of light, which is 
Kinetic energy, KE = ny [ e=16x10%C not possible. As v approaches to c, then mass 


Mg 


So, eve mv? 
2 


= 16x10" x100=4x 9.1 x10 xv? 
2 


SUMMARY 


Electron Emission The phenomenon of emission of electrons 
from metal surface is called electron emission. 

Work Function It is the minimum energy required by an electron 
to just escape from metal surface, SO as to overcome the 
attractive pull of the ions, 

Photoelectric Effect It is the phenomenon of emission of 
electrons from the metal surface, when the radiations of suitable 
frequency falls on it. 

Hertz's Observation He observed that high vollage sparks 
across the detector loop were enhanced when the emitter plate 
was illuminated by UV light from an arc lamp. 

Hallwachs and Lenard's Observations They also observed that 
UV light falls on the emitter plate, no electrons were emitted at all 
when the frequency of incident light was smaller than a certain 
minimum value is called threshold frequency. 


Effect of Intensity of Light on Photoelectric Current For a fixed 
frequency of incident radiation photoelectric current increases 
linearly with increase in intensity of incident light, 


Effect of Potential on Photoelectric Current For a fixed 
frequency and intensily of incident light, photoelectric current 
increases with increase in potential applied to the collector. 


Effect of Incident Photon Energy dnd Kinetic Energy 
Kos = Vas = (v= Ge) 
This equation is called Einstein's photoelectric equation. 


Relation between Stopping Potential and Threshold 
Wavelength The relation between stopping Potential and 


eV ache 
Te 


Particle Nature of Light Photon Photoelectric effect gave the 
evidence that light consists of packets of energy and these 


threshold wavelength is 


packets of energy are called light quanta, that are associated 


with photons. 
Characteristic Properties of Photon 
Photons has zero rest mass. 


Photons travel in a straight line. 
Photons may show diffraction under given conditions 


F hc 
The inertial mass of a photon Is m= ae 


Photocell It is a device which converts light energy into 
electrical energy. 


Dual Nature of Radiation Wave theory of electromagnetic 
tadiations explained the phenomenon of interference, 
diffraction, etc, whereas quantum theory successfully 
explained the photoelectric effect, Compton effect, etc, So, 
Louis de-Broglie suggested that the particles like electrons, 
protons, etc. have clual nature of radiation. 


Wave Nature of Particles (de-Broglie Hypothesis) 
According to de-Broglie, a wave is associated with moving 
material particle which control the particle in every respect 
The wave associated with moving material particle is called 
matter wave. It is given by, 


A= 


Relation between de-Broglie Wavelength and 
Temperature It is given by 


gett 
¥3mkT 


de-Broglie Wavelength of an Electron Itis given 
by 


1. = 


v2eVm" 


CHAPTER 
PRACTICE 


OBJECTIVE Type Questions 


{, Work-function is 
(a) maximum possible energy acquired by an 
electron 
(b) energy of electrons in valence shell 


(c) minimum energy required by an electron to 
move out of metal surface 


(@) maximum energy which is given to electron to 
move it out of metal surface 


2, The work function of platinum is 6.35 eV. The 
threshold frequency of platinum is 
(a) 153210" Hz 
(b) 153210" Hz 
(c) 1532 x10" Hz 
(d) 1532 x10" Hz 


w 


With the increase in potential difference of 
emitter and collector, the photoelectric 
current 

(a) increases 

(b) decreases 

(c) remains constant 

(d) increases initially and then become constant 


4. The photoelectric threshold frequency of a 
metal is v, When light of frequency 6v is 
incident on the metal, the maximum kinetic 
energy of the emitted photo electron is 
(a) 4hy (b) SAV 
(c) 3hv (d) (3/2) hv 


+ Light of wavelengths A , and A, falls on two 


identical metal plates A and B respectively. 
The maximum kinetic energy of 
Photoelectrons is K , and K, respectively, 
then which one of the following relations is 
true? (A , = 22.5) 


K 
(a) Ky<- (b) 2K, =Kz 


©) Ky=2K, (@) Ky>2K, 


All photons present in a light beam of single 
frequency have 

(a) same frequency but different momentum 

(b) same momentum but different frequency 


- (©) different frequency and different momentum 


(d) same frequency and same momentum 

The linear momentum of a 6 MeV photon is 
(a) 001 eV sm™ 

(b) 002eV sm™ 

(©) 003 eV sm™ 

(d) 004 eV sm™ 


. Aphotocell converts 


(a) change in current into change in light intensity 

(b) change in intensity of light into change in current 

(c) change in current into change in voltage 

(d) change in intensity into change in potential 
difference 


. The de-Broglie wavelength (A) of equal mass 


particles depends upon the mass in the following 
way 

(a) A ccm (b) A cem!* 

()Accm™ (d)A ccm? 


VERY SHORT ANSWER Type Questions 


10. 


il. 


12. 


13, 


Define the term stopping potential in relation to 
photoelectric effect. 


Show graphically the variation of photoelectric 
current with frequency of the incident photons. 


‘Two metals M, and M, have work functions 2eV 
and 4 eV, “es zectively. Which of "ue two hasa 
higher threshold wavelength for photoelectric 
emission? 


The frequency v of incident radiation is greater 
in a photocell. How 


than threshold frequency Vo 1n a] V 
will the stopping potential vary, if frequency vis 
increased, keeping other factors constant. 
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23. Light of wavelength 2500 A falls on a metal 


14, The de-Broglie wavelength associated with an 
electron accelerated through a potential 
difference V is A . What will be its wavelength 


when the accelerating potential is increased to 
5V? 


SHORT ANSWER Type Questions 
1S. What are the energies of photons at the 


observed features in photoelectric effect? 


surface of work function 3.5 eV. What is the 

kinetic energy (in eV) of 

(i) the fastest and ; 

(ii) the slowest electrons emitted from the 
surface? If the same light falls on another 
surface of work function 5.5 eV, what will be 
the energy of emitted electrons? 


(i) violet and (ii) red ends of the visible 24. Light of wavelength 2000 A falls on a metal 
spectrum? The wavelength of light is about surface of work function 4.2 eV. 
390 nm for violet and about 760 nm for red. (i) What is the kinetic energy (in eV) of the 
16. An electron is accelerated through a potential fastest electrons emitted from. the surface? 
difference of 250 V. What is the de-Broglie (ii) What will be the change in the energy of the 
wavelength associated with it? To which part of emitted electrons, if the intensity of light 
electromagnetic spectrum does this wavelength with same wavelength is doubled? 
correspond? (iii) If the same light falls on another surface of 
ra i iwi : 
17. The de-Broglie wavelength of a body moving with vee 2 ey Me en ine Poa 
speed vis i . On its way, it losses some of its mass See ee eee es SE een) 
and gains twice the speed. Kinetic energy also 
increases to twice of its initial value. What will be 
the new value of de-Broglie wavelength? ANSWERS 
18. For what kinetic energy of a neutron, will the 
associated de-Broglie wavelength be 
264 x10m? 1 (@) 2. (a) 3. (@) 4. (b) 5. (a) 
6. (d) ~ (b, ) : 
19. The de-Broglie wavelength of a particle of Gh EOS BO) 9:08 
kinetic energy K is 2. What would be the 10. Fora particular frequency of incident radiation, the 
wavelength of the particle, if its kinetic energy minimum negative (retarding) potential Vy given to plate 
werets A for which the photoelectric current becomes zero, is 
4 called cut-off or stopping potential. 
20. Ultraviolet light of wavelength 200 nm is H Refer to plot on page 437 
incident on polished surface of iron, 12. We know that, Ey = Avy = te: 
Work function of the surface is 4.71 eV, ; i 
Calculate its stopping potential. Thus, Me or threshold wavelength is inversely 
Proportional to the energy rk i 
LONG ANSWER T: Beat f i ‘BY or Work-function, So, metal 
R Type I Questions bal es Mghed threshold wavelength for photoelectric 
21. Write Einstein's photoelectric equation relating ‘ 
. the maximum kinetic energy of the emitted 18. We know that, Smvepu = eV, = h(v—yy) 
electron to the frequency of the radiation H : ° . 
incident on a photosensitive surface. State ae frequency of the incident radiation is greater 
clearly, the basic elementary process involved ea in reshold frequeney, Therefore, the value of 
in photoelectric effect. freauenee yee to) increases with increase in 
ency (V) of the incid iati i 
22. Define the terms threshold frequency and espe aan Rl ad 
stopping potential in the study of photoelectric 14. Refer to 9.3 on Page 461, 
emission. Explain briefly the reasons, why wave aw 
theory of light is not able to explain the hee V5 


pual Nature of Radiation and Matter 


15. 


We know that, E = © joule 


he 
E=————ev 
m a x16 x10 
663x10™ x3x10° 
= te 
= jo0x10 xexio™ 
66310" x3x10° 
= = 163 
* 76010" «1.610 
. Refer to Q. 37 on page 461. [Ans. 49.5 A] 
h 
. Hint 4 = 


_vamK 
de-Broglie wavelength remains same. 
. Refer to the Q, 31 (i) on page 461. 


A h 
. As we know, de-Broglie wavelength, A = —=——— 
. p  ¥2mK 


is 
Hence, Ky= wi) 
1 om 7 
. B Kk, 
If according to the question, K, = 7 
Pa 
K,=— 
2 
K 2 
spe ; (ii) 
4 ome 
From Eqs. (i) and (ii), we get 
XK 
4 WS ama 
4=—_—x 
K, am oP 
1h 
4 
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Hence, wavelength of the particle double the wavelength 
when kinetic energy ist th. 


20. Given, A = 200nm = 200 x 107m 


216x107? Vy = cel EE 10 sx! -471x16 x10" 
200 x10 
Vp = 619 — 417 = 148 =150V 
21. Refer to the text on page 438. 
22. Refer to the text on pages 436, 437 and 438. 
23. Refer to Q. 72 (iii) on page 447. 
24. Wavelength of light, A = 2000A= 2x10’ m 
Work function, ¢, =4.2 eV 
h= 663x110 * J-s 
(i) Using Einstein's photoelectric equation, Kinetic 
energy of fastest electron, 


Kou =HV~ Gy = hE 


7 * x 3.x 108 
(osx 10 x3x10" 4) ey 
2x10"? X16 x10 


= 6.2 eV-4.2eV 
=20eV 
(ii) Since the energy of emitted electron does not depend 
upon intensity of incident light, hence the energy of 
emitted electrons remains unchanged. 
(iii) For this surface, electrons will not be emitted as the 
energy of incident light 
(6.2 eV) is less than the work function 
(¢’ = 6.5 eV) of the surface. 


The first model of atom was proposed by JJ Thomson in 1898 called plum 
pudding model of the atom. Later, Rutherford worked on it and named this 
model as Rutherford’s planetary model of atom in 1911. In 1913, Niels Boht 
worked on the model named as Bohr model of H-atom. 


O-PARTICLES SCATTERING EXPERIMENT BY 
RUTHERFORD 


This experiment was suggested by Rutherford in 1911 as given in the figure 
below 


Radioactive ss 
source . Most 
- \ @patticles 
S Gold foil ‘Pass in 
a a 8 straight line 
10° m thick) 
= 
2nS 


sa = 2 / screen 
leadcavity — Colimator / [EE S / 


About one a-particle in 8000 -~~ Microscope 
o-particles is reflected back detector 


Experimental arrangement for Rutherford's theory 


In this experiment, H Geiger and E Marsden took *!4Bi as a source for 
Q-particles. A collimated beam of o.-particles of energy 5.5 MeV was allowed to 
fall on 2.1% 107” m thick gold foil, The o-particles were observed through a 
rotatable detector consisting of a zinc sulphide screen and microscope and it was 
found that o-particles got scattered. These scattered G-particles produced 
scintillations on the zinc sulphide screen, Now, these scintillations were 
counted at different angles from the direction of incident beam. 


All clements consist of very small invisible particles are called atoms. Atoms of same 
element are same and atoms of different elements are different. . rh 
Every atom is a sphere of radius of the order 10-"'m, in which Ae mass is Uniformly 
distributed and negative charged electrons revolve around the nucleus. 


CHAPTER CHECKLIST 

° o-Particles Scattering 
Experiment by Rutherford 

° Rutherford’s Model of Atom 

° Electron Orbits 

° Bohr's Model of Hydrogen Atom 

¢ Hydrogen Spectrum or Line 
Spectra of Hydrogen Atom 


roms 


observations 
herford made the following observations from his 
iment that are given below 
(i) Most of the c-particles passed through the gold foil 
without any appreciable deflection. 

(i) Only about 0.14% of the incident o-particles 
scattered by more than 1°. 

(iii) About one @.-particle in every 8000 0.-patticles 
deflected by more than 90°. 
The total number of t-particles (NV) scattered 
through an angle (6) is as shown in the below figure 


10" 


10° 


108 
10" 


detected 


103 
10? 


10" 
0 20 40 60 80 100 120 140 160 180 
Scattering angle @ (in degree) 
Experimental data points (shown by dots) on scattering 
of a-particles by a thin foil at different angles 


|, 


Number of scattered a-particles 


(iv) The number of ot-particles scattered per unit area 
N (6) at scatte ring angle 8 varies inversely as sin 49/2, 


() The force between @t-particles and nucleus is given by 


where, r is the distance between the Q-particles and 
the nucleus, This force is directed along the line 
Joining the @-particle and the nucleus. The 
Magnitude and direction of this force on ot-particle 
Continuously changes as it approaches the nucleus 
and recedes away from it. 


Sonclusions 


= : basis of his experiment, Rutherford concluded that 
Atom has a lot of empry space and practically the 
Entire mass of the atom is confined to an extremely 
Small central core called nucleus, whose size is of the 
Order from 107" m to 107 m. 
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(il) Scattering of a-particles (positively charged) is due to 
the Coulomb's law for electrostatic force of repulsion 
si between the positive charge of nucleus and @-particles. 
Gii) Distance between electron and nucleus is from 104 to 
: 10° times the size of the nucleus itself. 
(iv) More is the distance of the velocity vector of an 
@-particle from the central line of the nucleus, lesser 
is the angle of scattering. 


EXAMPLE 1] The number of o-particles scattered at 
an angle of 90° is 100 per minute. What will be the number 
of o-particles, when it is scattered at an angle of 60°? 


Sol. Number of -particles scattered at an angle of @ is given by 


1 N 
=< = 
sin’ 8/2 Ny 


‘ o\t 
a 100 _ sin 30 100 _ 4 
N, (sin 45° 


RUTHERFORD’S 
MODEL OF ATOM 


The essential features of Rutherford’s nuclear model of the 
atom or planetary model of the atom are as follows 
(i) Every atom consists of a central core, called the 
atomic nucleus, in which the entire positive charge 
and almost entire mass of the atom is concentrated. 

(ii) The size of nucleus is of the order of 107 m, which is 
very small as compared to the size of the atom which 
is of the order of 10-"°m., 

(iii) The atomic nucleus is surrounded by certain number 
of electrons. As atom on the whole is electrically 
neutral, the total negative charge of electrons 
surrounding the nucleus is equal to total positive 
charge on the nucleus. 

(iv) These electrons revolve around the nucleus in various 
circular orbits as the planets do around the sun. 

The centripetal force required by electrons for 
revolution is provided by the electrostatic force of 
attraction between the electrons and nucleus. 


Distance of Closest Approach 

‘As the o.-particle approaches the nucleus, the electrostatic 
force of repulsion due to nucleus increases and the kinetic 
energy of G-particle goes on converting into the 
electrostatic potential energy. 

Atacertain distance rp from the nucleus, whole of the KE of 
ci-particle converts into electrostatic potential a and 
ct-particles cannot go farther close to nucleus, this distance 


(rq) is called distance of closest approach. 
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Ar distance of closest approach, 


KE of -particle = Electrostatic potential energy 
1 (Ze) Qe) 


fo to 
[e charge on @-particle is-+2e and charge on 
nucleus is Ze, where Z is atomic number] 


where, m= mass of a-particle and v = initial velocity of 
Q-particle. 

From the formula, it is clear that distance of closest 
approach of a-particle to the nucleus depends on the 
kinetic energy of a-particle. 


EXAMPLE |2| In a head on collision between an 

@-particle and gold nucleus, the closest distance of 

approach is 4x 107“ m. Calculate the initial kinetic 

energy of c-particle. 

Sol Here, closest distance of approach, m =4 X10"'m, 
atomic number, Z = 79, KE, =? 

Ze(2e) _ 2Ze* 

ames 


*. KE, of@-particle = 
4ne,r 


2X79 (1.6 X10)? x 9x 10” 
4x10" 
=91x%10 3) 


Angle of Scattering (8) 

Angle by which o.-particle gets deviated from its original 
path around the nucleus is called angle of scattering: 
Impact Parameter (b) 

Perpendicular distance of the velocity vector of ¢t-particle 
from the central line of the nucleus of the atom is called 
impact parameter. Mathematically, ir is expressed as 


where, 6= impact parameter 
6 = angle of scattering 


1 
KE = kinetic energy of ot-particle = > mv? 


In case of head on collision, the impact parameter is 
minimum and the o-particle rebounds back (@= 1). For a 
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large impact parameter, the O-particle goes 


undeviated and has a small deflection (8 = 0°), Nearly 


‘© Target nucleus 


Trajectory of o-particles in the Coulombic field of a target Nucleus 
The impact parameter b and scattering angle @are also depictey 


Alpha-Particle Trajectory 

The o-particles which pass through the atom at a large 
distance from the nucleus experience 

a small electrostatic force of repulsion 


due to the nucleus and hence, Led 
undergo a very small deflection. The £ \ 
@-particles which pass through the 
atom at a close distance from the YX 77 
nucleus suffer a large deflection. The << 
O-particles which travel towards the 

nucleus directly, slow down and sesietonf 
ultimately comes to rest and then after a-particles close to 
being deflected through 180° retrace an atom 


their path. 


ELECTRON ORBITS 


The Rutherford nuclear model of the atom pictures the 
arom as an electrically neutral sphere consisting of a very 
small, massive and positively charged nucleus at the centre 
surrounded by the revolving electrons in their respective 
dynamically stable orbits, 

The electrostatic force of attraction F. between the 
revolving electrons and the nucleus provides the requisite 
centripetal force (F.) to keep them in their orbits. Thus, for 
a dynamically stable orbit in a H-atom, 


> me? 1 oe [eZ=] 
rr 4me, 


Thus the relation between the orbit radius and the elect0® 
velocity is 


Ame, mv? 
The kinetic energy (&¢ 


i al energy 
(U) of the electron in ) and electrostatic potenti 


H-atom are 


gross 
2 2 
a ee simy? = f 
Keym * Sree | 4ne gr 
2 
e 

and Ue Ane yr 
ih egarive sign in U: signifies that the electrostatic force is 
( Ta 


the-" direction or attractive in nature.) 

t , the total mechanical energy £ of the electron in a 
my 

Hearom 1S 


F=K+U= 


2 e 


8NE or 


Ane gr 


The total energy of the electron is negative. This implies the 
fact that the electron is bound to the nucleus. If E is 
positive, then an electron will not follow a closed orbit 
uound the nucleus and it would leave the atom. 


EXAMPLE [3] It is found experimentally that 13.6 eV 
energy is required to separate a H-atom into a proton and 
anelectron, Compute the orbital radius and velocity of the 
electron in a H-atom. 
Sol Total energy of the electron in H-atom, 
TE=-13.6 eV =-13.6x 16x 10°" J 
=-2.2x 10) 
Total energy is 
ea e aiet 
Tie 2S ype 
8reyr 


8n€,TE 
79 10° x (1.6x 107)? 
"2x (2.2% 107) 
=53x10"'m 


+ Velocity of the revolving electron, v = 


e 
Ame ymr 
16x 19°? 


Vax 3.14% 885x 10" x 91x 10 x 53x 10 
= 22x 10° mis 


Drawbacks of Rutherford’s Model 
. therford’s model suffers two major drawbacks 
aeding Stability of Atom 

Saletion Ae the nucleus have centripetal 
a Akectons muse eh classical electromagnetic theory, 
ee Tomapnetic ike. late energy in the form of 
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Due to this continuous loss of energy of the electrons, the 
radii of their orbits should be continuously decreasing and 
ultimately the electrons should fall in the nucleus. Thus, 
atom cannot remain stable. 


Regarding Explanation of Line Spectrum 

Due to continuous decrease in radii of electron’s orbit, the 
frequency of revolution of electron will also change. 
According to classical theory of electromagnetism, 
frequency of EM wave emitted by electron is equal to 
frequency of revolution of electron. 

So, due to continuous change in frequency of revolution of 
electron, it will radiate EM waves of all frequencies, i.e. the 
spectrum of these waves will be continuous in nature. Bur, 
this is not the case, experimentally we get line spectrum. 
Rutherford model was unable to explain line spectrum. 


BOHR’S MODEL OF 
HYDROGEN ATOM 


Bohr combined classical and early quantum concepts and 
gave his theory in the form of three postulates 
‘These three postulates are as follows 

(i) Bohr’s first postulate was that an electron in an atom 
could revolve in certain stable orbits without the 
emission of radiant energy, contrary to the 
predictions of electromagnetic theory. According to 
this postulate, each atom has certain definite stable 
states in which it can exist and each possible state has 
definite total energy. These are called the stationary 
states of the atom. 

(ii) Bohr’s second postulate states that the electron 
revolves around the nucleus only in those orbits for 
which the angular momentum is some integral 
multiple of 4/2n, where A is the Planck's constant 
(=6.63 x 10 J-s). 


Thus, the angular momentum (L) of the orbiting 
electron is quantised, 


ie. =— 


As, angular momentum of electron = mur 
For any permitted (stationary) orbit 


where, = any positive integer 1, 2, 3, .... 
Itis also called principal quantum number. 
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(iii) Bohr's third postulate states that an electron might 
make a wransition from one of its specified 
non-radiating orbits to another of lower energy. 
When it does so, a photon is emitted having energy 
equal to the energy difference between the initial and 
final states. 

The frequency of the emitted photon is given by 
I=E;-E, 

where, E; and E, are the energies of the initial and 

final states and E; > Ey. 


Bohr’s Theory 


Bohr’s model is valid for all 
one-electron atoms or ions 
which consists. of a tiny 
positively charged nucleus and 
an electron revolving in a stable 
circular orbit around the 
nucleus. These one-electron * 
atoms or ions can be called 
hydrogen like atoms. For 
example, singly ionised helium (He*) and doubly ionised 
lithium (Li?*) 

Let ¢, mand v be respectively the charge, mass and velocity 
of the electron and r be the radius of the orbit. The positive 
charge on the nucleus is Ze, where Z is the atomic number 
(in case of H-atom, Z =1). As, the centripetal force is 
provided by the electrostatic force of attraction, we have 
(Ze) Xe 

r  4ne, 7? 


my? 1 


=> my? = 


ANE or well} 


From the second postulate, the angular momentum of the 
electron is 


pee wii) 
where, » (= 1, 2, 3, ...) is principal quantum number, 
From Eqs. (i) and (ii), we get 
(iii) 


This is the equation for the radii of the permitted orbits, 
According to this equation, 


r, en? 


Since, n= 1, 2, 3,... it follows that the radii of the permitted 
orbits increase in the ratio 1: 4:9: 16:..., from the first 
orbit. Clearly, the stationary orbits are not equally spaced, 
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Bohr Radius 
The radius of the first orbit (n= 1) of H-atom (Z=) 
will be 


This is called Bohr radius and its value is 0.53 A. Since, 
pop?, the radius of the second orbit of H-atom will be 
(4 x 0.53) A and that of the third orbit (9 x 0.53) A, 
Velocity of Electron in Stationary Orbits 


We can obtain formula for the velocity of electron in 
permitted orbits. From Eq. (ii), we have 


b 
ven 
2mmr 
Putting the value of r from Eq. (iii), we get 
Ze 1 
v= a 
2heg n 


where, principal quantum number, n= 1, 2, 3, ... 


Thus, 


voc — 

n 
This shows that the velocity of electron is maximum in the 
lowest orbit (n= 1) and goes on decreasing in higher orbits. 


The velocity of electron in the first orbit (n= 1) of H-atom 
(Z =))is 


[rc =3 x 10° més} 


Frequency of Electron in a Stationary Orbit 


Itis the number of revolutions completed per second by the 
electron in a stationary orbit around thé nucleus. 

Ic is represented by v, 

From 


[s @=2av) 


soms 


gnerey of Electron in 
tionary Orbits 
ecnergy’ E ofan electron in an orbit is the sum of kinetic 


ial energies. 
d orential 
and P' 22 


sing E9- (i) in Bohr’s theory my? = i 


TE gr 
The kinetic energy of the electron is 
1 Ze? 
KE=—mv? = 
2 BIE gr 


Substituting for r from Eq, (iii), we get kinetic energy of the 
dectron in the nth orbit 


ret (1 

we (5) 
Beg ho Mn 

In terms of Rydberg constant A, its simplified form is 


pute Spe ae 
” 8e ch 


The potential energy of the electron in an orbit of radius r 
due to the electrostatic attraction by the nucleus is given by 


P= 
ATE g r 4mey or 
In terms of Rydberg constant R, its simplified form is 
PEs ae 


n 


The toral energy of the electron is 


2 2 
E=KE+PE= Ze 
8ne or 4MEgr 
_ 2 ile 
BNE or v 


Substituting for r from Eq. (iii), we get 


| pane (5) 
L__ Bey"? Wn) 
wher, n=1, 2,3, .... This is the expression for the energy 
the electron in the mth orbit. 


iy 
ef hydrogen atom Z = 1, substituting the standard values, 


We pet Es 3.6 

# Fy 

tho te 

, 'ws that the electron is bound to the nucleus and is not 
"to leave it, 


eV. Negative energy of the electron 
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This topic is not included into the syllabus but essential co 
understand line spectrum of hydrogen atom. 


Energy Levels 


The energy of an atom is the least, when its electron is 
revolving in an orbit closest to the nucleus, i.e. for which 
n=l. For n=2,3,... the absolute value of energy £ is 
smaller, so the energy is progressively larger in outer orbits. 
The lowest state of the atom is called the ground state, this 
state has lowest energy. The energy of this state is 
-13.6 eV. Therefore, the minimum energy required to free 
the electron from the ground state of the H-atom is 
~13.6eV. It is called ionisation energy of the H-atom. 


At room temperature, most of the H-atoms are in ground 
state. When an atom receives some energy (i.c. by electron 
collisions), the atom may acquire sufficient energy to raise 
electron to higher energy state. In this condition, the atom 
is said to be in excited state. From the excited state, the 
electron can fall back to a state of lower energy, emitting 2 
photon equal to the energy difference of the orbit. 


Total energy, E(eV) 


Unbound (ionised) 


atom 


Ground state 


-136|_- "=! 


Energy level diagram for hydrogen atom: 


atom, an electron jumps from some 


Suppose in the excited 
to a lower energy state 1. 


higher energy state 2 
The energy difference berween these states is 


mZ*e' {1 1 
B,-£,=— 4a | 52 3] 
Beg hi (mM 
‘According to Bohr’s third postulate, the frequency vof the 
emitted electromagnetic wave (photon) is 
E,-£, me 1 | 
= 2 


ve mo M2 


h 8E5 De 
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The corresponding wavelength A of the emitted radiation is 
given by 


2 is called wave number (number of waves per unit 
length). 

me! 
8E,7ch? 
known as Rydberg constant R and its value is 
1.097 x 107m". 


In the last equation, the quantity is a constant 


EXAMPLE |4| 
(i) The radius of the innermost electron orbit of a hydrogen 
atom is 5.3x 10" m. Calculate its radius in n = 2 orbit, 


(ii) The total energy of an electron in the second excited 

state of the hydrogen atom is -1,51 eV. Find out its 

(a) kinetic energy and 

(b) potential energy in this state. 

Sol. (i) Given, Bohr radius, 7, =5.3x 10m 
We know that, 1, = 175, 
Let ry be radius of the orbit for n= 2. 
‘ r= (2)! x 53x 107" 
= 2.12% 10°"m 

(ii) Given, total energy of an electron in second excited 

stale, 


Delhi 2014 


E=-151eV 
{a) Kinetic energy of electron is equal to negative of 
the total energy, 
‘ K=-£=-(-151) 
=151eV 
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(b) Potential energy of electron is equal to negative of 
twice of its kinetic energy. ; 
=- 2K =-2x151=-302eV 


Hydrogen Spectrum or Line 

Spectra of Hydrogen Atom 

Hydrogen spectrum consists of discrete bright lines in a 
dark background and it is specifically known as hydrogen 
emission spectrum. There is one more type of hydrogen 
spectrum that exists where we get dark lines on the brighe 
background, it is known as absorption spectrum. 

Balmer found an empirical formula by the observation of a 
small part of this spectrum and it is represented by 


i-e(3-3) jwherew=3)4,5;,.. 
2 2 2» 

where, R is a constant called Rydberg constant and its 
value is 1.097 x 10? m7. 


So, zs 1.522 x 106 m7! = 656.3 nm forn=3 


Other series of spectra for hydrogen were subsequently 
discovered and known by the name of their discoverers. 
The lines of Balmer series are found in the visible part of the 
spectrum. Other series were found in the invisible parts of 
the spectrum, 
eg. Lyman series in the ultraviolet region and Paschen, 
Brackett and Pfund in the infrared region. 
The wavelengths of line in these series can be expressed by 
the following formulae 

(i) For Lyman series 


1 
ferree +). where» = 2,3,4,... 


1 
(+ =} wheren =3,4 


} wheren =4,5,6, «+ 


» Wheren = 5,6, 71+ 


) heen 67,8 


lonised atom 


0 = 
1 Brackett 
2 Paschen series | 
3 senes 
4 
35 
H 6 
1 
i 8 
§ 9 
10 
"1 
12 


Lyman 
series 


Line spectra of the H-atom 


Balmer Series In Emission Spectrum Of 
Hydrogen 

In Balmer serles, the line with the longest wavelength 

(656.3 nm) Is red and Is called H, . Next line with wavelength 


486.1 nm is blue-green and is called Hy; the third line with 
434.1 nm is violet and is called H, and soon, As the 
wavelength decreases, the lines are weaker in intensity and 
appear Closer together. 


Explanation 


The different series of hydrogen spectrum can be explained 
by Bohr’s theory. According to Bohr's theory, if the ionised 
state of hydrogen atom be taken as zero energy level, then 
the energies of the different energy levels of the atom can be 
expressed by the following formula. 

E,=- Rh 


ey where n=1,2,3,... 


n 
where, Ris Rydberg constant and h is Planck constant. The 
integer n is called principal quantum number. 

When the atom gets energy from outside, its electron goes 
from the lowest energy level to some higher energy level. Bur it 
eturns from there, within 107 s, to the lowest energy level 


direcuy or through other lower energy levels. While returning 
ack, the atom emits photons. 


EXAMPLE |5| The energy of the electron in the ground 
‘ate of hydrogen is - 13.6 eV. Calculate the energy of the 
u Oton that would be emitted, if electron was to make a 
ition corresponding to the emission of the first line 
Lyman series of the H-atom. 
Ol Here, energy of e in ground state of H-atom = -13.6 eV 
ie, E, =- 13.6eV 


For n=2,E,=—34eV [: z, =- 28 “| 
‘ n 


479 


The energy of photon corresponding to the first line is 
given by E=E,-E, 


E=[(-34~(- 13.6)} eV =10.2eV 


EXAMPLE |6| In H-atom, a transition takes place from 
n=3 to n=2 orbit. Calculate the wavelength of the 
emitted photon, will the photon be visible? To which 
spectral series will this photon belong? 
(Take, R= 1.097 x 10’ m7) 
Sol. The wavelength of the emitted photon is given by 


1 £ 1 
<= R\— == 
a (3 nm ) 
When the transition takes place from n= 3to n= 2, then 


1 
= =(1.097 x ws(% - 5}- 1997 x10" x © 
a 2 3 36 

36 a 
A= ———___= 6563x 10°77 m= 65634 
1.097% 107 x 5 


Since, d falls in the visible (red) part of the spectrum, 
hence the photon will be visible. This photon is the first 
member of the Balmer series. 


de-Broglie’s Comment on 
Bohr's Second Postulate 
According to de-Broglie, a stationary orbit is that which 


Contains an integral number of de-Broglie standing waves 
associated with the revolving electron. 

For an electron revolving in nth circular orbit of radius 7, 
total distance covered = circumference of the orbit = 2nr,. 
©. For the permissible orbit, 21, =A 


b 

According to de-Broglie wavelength, 4 =—— 
mu, 

where, v,, is speed of electron revolving in th orbit. 


2nr, eth 


0 
mp, 


y 
OF Mm, f, “7 =n(hl2n) 


i.e. angular momentum of electron 
revolving in nth orbit must be an 
integral multiple of 4/21, which is 
the quantum condition proposed 
by Bohr in his second postulate. 


A standing wave is 
shown ona circular orbit 


EXAMPLE |7| When an electron in hydrogen atom 
jumps from the third excited state to the ground state, 
how would the de-Broglie wavelength associated with the 
electron change? Justify your answer. Delhi 2015 


actet or mit 
Sol. We know that, rans x 
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or mere th oy ye heyy ORF 
A on n 

As, ren? => LeA(n*)=n 

Thus, weean say that, 42 = 4 or ay ads 


1 
Thus, wavelength decreases 4 times as an electron jumps 
from third excited state to the ground state. 


Limitations of Bohr’s Model 


The limitations of Bohr’s model are as follows 
- (i) This model is applicable only to a simple atom like 
hydrogen having Z = 1. This theory fails, if Z > 1. 
(ii) It does not explain the fine structure of spectral lines in 
H-atom. 
(iii) This model does not explain why orbits of electrons are 
taken as circular whereas elliptical orbits are also 
possible. 


Orbital Picture of Electron in an Atom 

With the development of quantum mechanics, we have a 
better understanding of structure of atom. The Schrodinger 
wave equation gives information about the probability of 
finding an electron in various regions around the nucleus, 
which is known as orbital, This function only depends on the 
coordinates of the electron. 


CHAPTER PRACTICE 
(SOLVED) 


OBJECTIVE Type Questions 


1. For scattering of v-particles, Rutherford’s 

suggested that 

(a) mass of atom and its positive charge were 
concentrated at centre of atom 

(b) only mass of atom is concentrated at centre of atom 

(c) only positive charge of atom is concentrated at 
centre of atom 

(d) mass of atom is uniformly distributed throughout its 
volume 


2... In thea-particle Scattering experiment, the shape 
of the trajectory of the scattered a-particles 
depend upon [CBSE 2020] 
(a) only on impact parameter 
(b) only on the source of a-particles 
(c) Both impact parameter and source of a-particles 
(d) impact parameter and the screen material of the 

detector 


3. The angular momentum of an electron in 
hydrogen atom in ground state is 
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h h on d) & 
@. OF OF ur: 


4. If the orbital radius of the electron ina 
hydrogen atom is 4.710" m. Compute the 
kinetic energy of the electron in hydrogen 
atom, 

(a) 153eV (b)- 153 eV(¢) 13.6eV (4)-13.60y 

5. Aset of atoms in an excited state decays 

NCERT Exemplar 
(a) in general to any of the states with lower energy 
(b) into a lower state only when excited by an 
external electric field 
(0) all together simultaneously into a lower state 
(d) to emit photons only when they collide 


6. In Pfund series, ratio of maximum to 
minimum wavelength of emitted spectral 


lines is 
imax 9 
Ors 
US 36 
q) Ame _ 36 
OF n 


7. Paschen series of atomic spectrum of 
hydrogen gas lies in CBSE All India 2020 
(a) infrared region 
(b) ultraviolet region 
(©) visible region 
(2) partly in ultraviolet and visible region 


Direction (Q. Nos. 8-12) In the following 
questions, two statements are given- one labeled 
Assertion (A) and the other labelled Reason (R). 
Select the correct answer to these questions from 
the codes (a), (b), (c) and (d) as given below 
(a)Both Assertion and Reason are true and 
Reason is the correct explanation of Assertion. 
(b) Both Assertion and Reason are true but 
Reason is not the correct explanation of 
Assertion. 
(c) Assertion is true but Reason is false, 
(a) Assertion is false but Reason is true. 


8. Assertion Large angle of Scattering of alpha 
Particles led to the discovery of atomic 
nucleus, 

Reason Entire Positive charge of atom is 
concentrated in the central core, 

9. Assertion Atom as aw 


hole is electricall 
neutral. a 


Reason Atom contains equal amount of 
Positive and negative charges, 


roms 


10. Assertion The total energy of an electron 
revolving in any stationary orbit is negative. 

Reason Energy can have positive or negative 
values. 

fl. Assertion Atoms of each element are stable and 
emit characteristic spectrum, 
Reason The spectrum provides useful 
information about the atomic structure, 


12. Assertion Bohr’s postulate states that the 
stationary orbits are those for which the angular 


momentum is some integral multiple oft. 
hs 


Reason Linear momentum of the electron in the 
atom is quantised. 


Directions (Q.Nos. 13-14) These questions are 
case siudy based questions. Allemp! any 4 
sub-parts from each question. Each question 
carries 1 mark. 


B. Excited State of Atom 
Atroom temperature, most of the H-atoms are 
in ground state. When an atom receives some 
energy (i.e. by electron collisions), the atom may 
acquire sufficient energy to raise electron to 
higher energy state. In this condition, the atom 
is said to be in excited state. 


From the excited state, the electron can fall back 
to a state of lower energy, emitting a photon 
equal to the energy difference of the orbit. 


Total energy, E(eV) 


Unbound (jonised) 
atom 

0.85 p= 
“0.51 —__— n= Excited 
states 

3.40] n=2 

Ground state 

aglow tree a py 


Inami 
bs 4 mixture of H-He* gas (He’ is single ionized 
© atom), H-atoms and 
et 5 i : 
en are excited to their respective first 
d states. Subsequently, H atoms transfer 


14 
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their total excitation energy to He” ions (by 
collisions). 
(i) The quantum number n of the state finally 

populated in He” ions is 
(a) 2 (b) 3 
(c)4 (d)5 

(ii) The’ wavelength of light emitted in the 
visible region by He* ions after collisions 
with H-atoms is 
(a) 65x10 m (b)56~107 m 
(c)48x107 m (d)40x107 m 

(iii) The ratio of kinetic energy of the electrons 
for the H-atom to that of He” ion forn =2 is 


1 1 
(a) ri , 
(c)1 (2 
(iv) The radius of the ground state orbit of H- 
atom is 
@) Ey _ (b) hey © rme~ @ 2 hE 
hme” nme h me> 


(v) Angular momentum of an electron in 
H-atom in first excited state is 
at wt oF @F 
r an A ry 
a-Particle Scattering Experiment 
In this experiment, H. Geiger and E. Marsden 
took radioactive source (“4Bi) for a-particles. 
A collimated beam of a-particles of energy 5.5 
MeV was allowed to fall on 21x 107 mthick 
gold foil. The a-particles were observed 
through a rotatable detector consisting of a 
zinc sulphide screen & microscope and it was 
found that a-particles got scattered. These 
scattered a-particles produced scintillations on 
the zine sulphide screen. 
Observations of this experiment are as follows 
I, Many of the a-particles pass through the 
foil without deflection. 
Il, Only about 0.14% of the incident a-particles 
scattered by more than I’. 

IL. Only about one a-particle in every 8000 
a-particles deflected by more than 90°. 
Based on these observation, they were able to 
proposed a nuclear model of atom, are called 

planetary model, in which entire positive 
charge and most of the mass of atom is 
concentrated in a small volume called the 
nucleus with electron revolving around the 
nucleus as planets revolve around the sun. 
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VERY SHORT ANSWER Type Questions 
15. Why is the classical (Rutherford) model for an 


(i) Rutherford's atomic model can be visualised 
as 


16 


17. 


atom of electron orbiting around the nucleys 
not able to explain the atomic structure? 
Delhi 2012 


What is the ratio of radii of the orbits 
corresponding to first excited state and groung 
state in a H-atom? Delhi 2019 
Consider two different H-atoms. The 

electron in each atom is in an excited state. 


Is it possible for the electrons to have different 


(ii) Gold foil used in  Geiger-Marsden : 
experiment is about 10m thick. This energies, but the same orbital angular 
ensures momentum according to the Bohr’s model? 


(a) gold foil’s gravitational pull is small or possible 

(b) gold foil is deflected when o-particle stream is 
not incident centrally over it 

(c) gold foil provides no resistance to passage of 
Q-particles 

(d) most @-particle will not suffer more than 1° 
scattering during passage through gold foil 

(iii) In Geiger-Marsden experiment, detection of 

o-particles scattered at a particular angle is 

done by 

(a) counting flashes produced by o-particles on a 
ZnS coated screen 

(b) counting spots produced on a photographic 
film 


(c) using a galvanometer detector 
(d) using a Geiger-counter 

(iv) Atoms consist of a positively charged 
nucleus is obviously from the following 
observation of Geiger-Marsden experiment 
(a) most of a-particles pass straight through the 


18. 


19. 


20. 


NCERT Exemplar 


What is the value of angular momentum of 
electron in the second orbit of Bohr‘s model of 
hydrogen atom? CBSE SQP (Term-]) 
When H,/-line of the Balmer series in the 
emission spectrum of H-atom is obtained? 
Delhi 2013C 
Imagine removing one electron from 
He‘ andHe’. Their energy levels, as worked out 
on the basis of Bohr’s model will be very close. 
Explain, why? NCERT Exemplar 


Hints: Niels Bohr proposed a model for hydrogenic | 
(single electron) atoms in order to explain the 


stability of atoms | 


SHORT ANSWER Type Questions 


24. Define the distance of closest approach. An 


a-particle of kinetic energy K is bombarded ona 
thin gold foil. The distance of the closest 


gold foil ; approach is r. What will be the distance of closest 
(b) many of o-particles are scattered through the approach for an a-particle of double the kinetic 
acute angles 2 
i energy’ All India 2016 
(c) very large number of a-particles are deflected 
by large angles 22, An a-particle moving with initial kinetic energy 
(a) None of the above : K towards a nucleus of atomic number Z 
(v) The fact that only a small fraction of the Approaches a distance d at which it reverses its 
number of incident particles rebound back in direction, Obtain the expression for the 
Rutherford scattering indicates that distance of closest approach d in terms of the 
(a) number of o-particles undergoing kinetic energy of a-particle K, Compt. 2016 
head-on-collision is small 23. 


(b) mass of the atom is concentrated in a small 


Using Rutherford’s model of the atom, derive 
the expression for the total energy of the 


volume 4 
(c) mass of the atom is concentrated in a large Oni in H-atom. What is the significance of 
jolie legative energy possessed by the 
eserent All india 2014 


(@) Both (a) and (b) 


atoms 


24. Explain in brief, why Rutherford’s model 
cannot account for the Stability of an atom? 


Delhi 2010 
igs of Rutherforg atomic 
» how these were Overcome b: 
the postulates of Bohr’s atomic model, ‘i 


CBSE 2020 


25. Write shortcomin, 


26, State Bohr's Postulate 
gives the Telationship 
emitted photon in a tr: 


27. Use Bohr’s model of hydrogen ato; 
the Telationship between, 
momentum and the 
revolving electron, 


28. Show that the radius of tl 
atom varies as n?, where 
quantum number 


Foreign 2016 


m to obtain 
the angular 


magnetic moment of the 
CBSE 2020 

he orbit in hydrogen 

nis the Principal 

of the atom, All India 2015 

29, Using Bohr’s Postulates of the atomic model, 
derive the expression for radius of nth 
electron orbit. Hence, obtain the expression 
for Bohr’s radius, All India 2014, Dethi 2010 

30. Howis the Stability of hydrogen atom in Bohr 
model explained by de-Broglie’s hypothesis? 


CBSE 2019 
31. Would the Bohr’s formula for the H-atom 
Temains unchanged, if proton hada charge 
(+ 4/3) e, and electron had a charge (- 3/4)e, 
where, e=1.6 x 107° © . Give reasons for your 
answer, NCERT Exemplar 
32, Consider two different hydrogen atoms. The 
electron in each atom is in an excited state. Is 
it possible for the electrons to have different 
energies but same orbital angular momentum 
according to the Bohr model? Justify your 
answer, CBSE SQP (Term-Il) 


33, Positronium is just like a H-atom with the 
Proton replaced by the positively charged 
anti-particle of the electron (called the 
Positron which is as massive as the electron). 
What would be the ground state energy of 


Positronium? NCERT Exemplar 

34, How many different wavelengths may be 
observed in the spectrum from a hydrogen 
Sample if the atoms are excited to states with 
Principal quantum number n? 


36. Calculate the orbital 
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35. State Bohr’s quantisation condition of angular 


momentum. Calculate the shortest wavelength of 
the Brackett series and state to which part of the 
electromagnetic spectrum does it belong. 


CBSE 2019 


Period of the electron in the 


first excited state of hydrogen atom. 


CBSE 2019 
LONG ANSWER Typel Questions 
37. Draw a plot of a-particle Scattering by a thin foil 
Of gold to show the variation o| 


expression for the 

() velocity of the electron in 

(ii) radius of the nth orbi 
in H-atom. 


the nth orbit 
it of the electron 
Delhi 2010 
39. Using the postulates of Bohr’s model of H-atom, 
obtain an. expression for the frequency of 
radiation emitted when the atom makes a 
transition from the high 


er energy state with 
quantum number n, to the lower energy state 


with quantum number n. s(1yp<nj), Foreign 201) 


40. Using Bohr's postulates for H-atom, show that 
the total energy (E) of the electron in the 
stationary states can be expressed as the sum of 
kinetic energy (K) and potential energy (U), 
where K = -2U. Hence, deduce the expression for 
the total energy in the nth energy level of 


hydrogen atom. Forelgn 2012 


Bohr’s second postulate of 
a aanilevton of orbital angular momentum, 
show that the circumference of the electron 
in the nth orbital state in. H-atom is n ne 
the de-Broglie wavelength associated wit! _ 
ii) The electron in H-atom js initially in the ie 
fe excited state, What is the Ligne i 
of spectral lines which can be hres a ot 
finally moves to the ground state’ 
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42. Using Bohr's postulates, obtain an expression for 
the total energy of the electron in the stationary 
states of the H-atom. Hence, draw the energy level 
diagram showing how the line spectral 
corresponding to Balmer series occur due to 
transition between energy levels. Delhi 2013 


43, (i) State Bohr's quantisation condition for 
defining stationary orbits. How does 
de-Broglie’s hypothesis explain the stationary 
orbits? 

(ii) Find the relation between the three 
wavelengths 2,2, and 4; from the energy 
level diagram shown below. 


c 


Ys 


ay 


re Delhi 2016 


44. Assume that there is no repulsive force between 
the electrons in an atom but the force between 
positive and negative charges is given by 
Coulomb's law as usual. Under such 
circumstances, calculate the ground state energy 
of a He-atom. NCERT Exemplar 


45. (a) State Bohr’s postulate to define stable orbits in 
hydrogen atom. How does de-Broglie’s 
hypothesis explain the stability of these 
orbits? 

(b) A hydrogen atom initially in the ground state 
absorbs a photon which excites it to then =4 
level. Estimate the frequency of the photon, 

CBSE 2018 


LONG ANSWER Type II Questions 


46. Obtain an expression for the frequency of 
radiation emitted when a hydrogen atom 
de-excites from level n to level (n -1). For large n, 
show that this frequency equals to the classical 
frequency of revolution of the electron in the 
orbit. NCERT 


47. (a) State the postulates of Bohr’s model of 
hydrogen atom and derive the expression for 

Bohr radius. 
(b) Find the ratio of the longest and the shortest 
wavelengths amongst the spectral lines of 


Balmer series in the spectrum of hydrogen 
atom. CBSE 2020 
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48, Using Bohr's postulates, derive an €xPression 
for the frequency of radiation emitted when 
electron in H-atom undergoes transition 
from higher energy state quantum number 
(n,) to the lower energy state (n,). 

When electron in H-atom jumps from energy 
state n, = 4 to n, =3, 2, 1. Identify the spectra 
series to which the emission lines belong. 


NUMERICAL PROBLEMS 


49. Calculate the de-Broglie wavelength 
associated with the electron in the second 


excited state of hydrogen atom. The ground 
state energy of the hydrogen atom is 13.6 eV. 
CBSE 2020 


50. A 12.5 eV electron beam is used to excite a 
gaseous hydrogen atom at room 
temperature. Determine the wavelengths and 
the corresponding series of the lines emitted. 

All India 2017, 16 


51. The number of o-particles scattered at 90° is 
50 per minute. What will be the number of 
o-particles, when it is scattered at an angle of 
120°? 


52. The ground state energy of H-atom is 
—13.6 eV. What are the kinetic and potential 
energies of electron in this state? 
NCERT, All India 2014 C, All India 2010 


53. Find the ratio of energies of photons 
. produced due to transition of an electron of 
H-atom from its 


(i) second permitted energy level to the first 


level and 
(ii) the highest permitted energy level to the 
first permitted level. All India 2010 


$4. The gravitational attraction between electron 
and proton in a H-atom is weaker than the 
Coulombic attraction by a factor of about 
10°*°. Estimate the radius of the first Bohr 
orbit of a H-atom, if the electron and proton 
were bound by gravitational attraction, NCERT 


55. 


In accordance with the Bohr's model, find the 
quantum number that characterises in the 
earth's revolution around the sun in an orbit 
of radius 1.5 10"m with orbital speed 
3x10m/s. (Mass of the earth = 6 x 10% kg) 
NCERT 


Atoms 


56. 


57. 


58. 


59. 


at. 


2. 


63, 


65, 


‘The radius of the innermost electron orbit of a 
H-atom is 5.3x 107m. What are the radii of the 
n=2andn = 3 orbits? NCERT 


In Bohr’s model of H-atom, the radius of the 
first electron orbit is 0.53 A. What will be the 
radius of the third orbit and the first orbit of 
singly ionised helium atom? 


In the ground state of H-atom, its Bohr radius is 
given as 5.3 x107"'m . The atom is excited such 
that the radius becomes 21.2x107" m . Find (i) 
the value of the principal quantum number and 
(ii) the total energy of the atom in this excited 
state. Delhi 2013C 


If the average life time of an excited state of 
hydrogen is of the order of 10° s. Estimate how 
many orbits an electron makes when it is in the 
state n = 2and before it suffers a transition to 
state n =1 (Bohr radius, ay = 5.3x10" m)? 


AH-atom initially in the ground level absorbs a 
photon, which excites it to the 

n=4 level. Determine the wavelength and 
frequency of photon, NCERT 
The short wavelength limit for the Lyman series 
of the hydrogen spectrum is 913.4 A. Calculate 
the short wavelength limit for Balmer series of 
the hydrogen spectrum Delhi 2016 


The ground state energy of hydrogen atom is 
~13.6 eV. If an electron makes a transition from 
an energy level - 1.51 eV to - 3.4 eV, then 
calculate the wavelength of the spectral line 
emitted and name the series of hydrogen 
spectrum to which it belongs. Delhi 2016 


Aphoton emitted during the de-excitation of 
electron from a state n to the first excited state 
ina hydrogen atom, irradiates a metallic 
cathode of work function 2eV, in a photocell, 
with a stopping potential of 0.55 V. Obtain the 
value of the quantum number of the state n. 
CBSE 2019 


Ahydrogen atom in the ground state is excited 
by an electron beam of 12.5 eV energy. Find out 
the maximum number of lines emitted by the 
atom from its excited state. CBSE 2019 


(a) Draw the energy level diagram for the line 
Spectra representing Lyman series and 


Balmer series in the spectrum of hydrogen 
atom. 


66. 


67. 


68. 


69. 


70. 


71. 


72. 


73. 


74. 
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(b) Using the Rydberg formula for the spectrum 
of hydrogen atom, calculate the largest and 
shortest wavelengths of the emission lines 
of the Balmer series in the spectrum of 
hydrogen atom. CBSE 2019 
(Use the value of Rydberg constant, 
R=11x10'm’), 


Calculate the de-Broglie wavelength associated 
with the electron revolving in the first excited 
state of hydrogen atom. The ground state 
energy of the hydrogen atom is ~ 13.6 eV. 

CBSE 2020 


An electron jumps from fourth to first orbit in 
an atom. How many maximum number of 
spectral lines can be emitted by the atom? To 
which series these lines correspond? Foreign 2016 


What is the minimum energy that must be 

given to a H-atom in ground state so that it can 
emit an H,-line in Balmer series? If the angular 
momentum of the system is conserved, what 
would be the angular momentum of such 

H, photon? NCERT Exemplar 


Find the quantum number n corresponding to 
the excited state of He’ ion, if on transition to 
the ground state that ion emits two photons in 
succession with wavelength 1026.7A and 

304 A. (Take, R = 1.097x10" per m) 


Calculate the shortest wavelength in the Balmer 
series of hydrogen atom. In which region 
(infrared, visible, ultraviolet) of hydrogen 
spectrum does this wavelength lie? 

Delhi 2015, All India 2016 


Find the ratio between the wavelengths of the 

‘most energetic’ spectral lines in the Balmer and 

Paschen series of the hydrogen spectrum. 
Compt. 2016 


What is the shortest wavelength present in the 
Paschen series of spectral lines? NCERT 


(i) In H-atom, an electron undergoes transition 
from second excited state to the first excited 
state and then to the ground state. Identify 
the spectral series to which these transitions 
belong. 

(ii) Find out the ratio of the wavelengths of the 
emitted radiations in the two cases. Delhi 2012 


Find out the wavelength of the electron orbiting 
in the ground state of hydrogen atom. Dehli 2016 
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75. 


75. 


78. 


79. 


80. 


81. 


82. 


Find the wavelength of the electron orbiting in 
the first excited state in hydrogen atom, 


All India 2016 


Use de-Broglie's hypothesis to write the relation 
for the nth radius of Bohr orbit in terms of 

Bohr’s quantisation condition of orbital angular 
momentum. Foreign 2016 


The ground state energy of a H-atom is — 13.6 eV. 
If an electron makes a transition from an 
energy level — 0.85 eV to — 1.51 eV, then calculate 
the wavelength of the spectral line emitted. To 
which series of hydrogen spectrum does this 
wavelength belong? All India 2012 


The total energy of an electron in the first. 
excited state of the H-atom is about - 3.4 eV. 
(i) What is the kinetic energy of the electron in 
this state? 
(ii) What is the potential energy of the electron 
in this state? 
(iii) Which of the answers above would change, 
if the choice of the zero of potential energy 
is changed? NCERT 


Obtain the first Bohr radius and the 

ground state energy of a muonic H-atom (i.e,an 

atom in which a negatively charged muon (f) of 

mass about 207 m, (orbit around a proton). 
NCERT 


State any two postulates of Bohr's theory of 
H-atom. What is the maximum possible 
number of spectral lines when the H-atom is in 
its second excited state? Justify your answer. 
Calculate the ratio of the maximum and 
minimum wavelengths of the radiations 
emitted in this process. All India 2010) 


A125 eV electron beam is used to bombard 
gaseous hydrogen at room temperature, Upto 
which energy level the H-atoms would be 
excited? Calculate the wavelengths of the first 
member of Lyman and first member of Balmer 
series. All India 2014) 
(i) Using the Bohr's model, calculate the speed 
of the electron in a H-atom in then =1,2and 
3 levels. 
(ii) Calculate the orbital period in each of these 
levels. NCERT 
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cd 


. (a) In Rutherford’s nuclear model of the atom, the entire 


positive charge and most of the mass of the atom are 
concentrated in the nucleus with the electrons some 
distance away. 

(a) In @-particle scattering experiment, the shape of the 
trajectory depends on the impact parameter only. 


. (b) From the formula of angular momentum and Bohr’s 


assumption, mur = n(h/2m) 
Here,n=1 = mvr=h/2n 
e? _ (9 x10" Nm?/C*) (16 x10" C)? 


al Kr Bre,r (2 (47 x10" m) 
= 245x108 J 
=153eV 
(a) A set of atoms in an excited state decays in general 


to any of the states with lower energy. 


. (d) In Pfund series, 


Maximum wavelength is given by 
In transition 6 5 


1 1 if 
ek ht 
Amax (@ é) 


Minimum wavelength is given by 
In transition e > § 


So, ratio is 28, 
u 


. (a) Paschen series of hydrogen gas lies in infrared 


region, 


(a) a-particle is Positively charged, so is the nucleus, so 
the large angle of scattering of c.-particle shows that the 


nucleus is positively charged and concentrated in the 
central core, 


» (a) 
. (b) 
+ (b) 
a) 


» (i) (C) E, =z’) 


In first excited state, Ey = 3.4 eV 


and Ey, = -13.6eV 

So, H, atom gives excitation energy 

(136-34 =10.2 eV) to helium atom. 

Now energy of He ion = - 13.6 + 10.2=-3.4eV 
: Again, E = = xz? 


13.6 
ne 


yl 13627 (1 1 
ar iar [: ] 


Here n, =3and ny =4 =) 4 = 4.8 x107 m 
2 
(i) (9) Kinetic energy, K « 


2 2 
Zn) (2) 2 
oe 
2 2, 
Ge) (b) Radius ofthe permitted orbit is r= "M0 
1 mZe’ 


For hydrogen atom in ground state, ie., 
he, 


=> -34= 


x(2f =n=4 


n=1Z=1 = r= 
Tme? 

(v) (a) Angular momentum for hydrogen atom, 
nh 
p= 
on 

For first excited state, n= 2 

h 


> ss 
T 


14. (i) (@) Rutherford’s atom hada positively charged centre 
and electrons were revolving outside it. It is also 
a the planetary model of the atom as in option 


(ii) (@) As the gold foil is very thin, it can be assumed that 
-particles will suffer not more than one scattering 
during their Passage through it. Therefore, 
Computation of the trajectory of an -particle 
Scattered by a single nucleus is enough. 
(a) The scattered G-particles were observed through a 
Totatable detector consisting of zinc sulphide screen 
and a microscope. The scattered G-particles on striking 
the screen produced brief light flashes or scintillations. 
These flashes may be viewed through a microscope 
and the distribution of the number of scattered 
Particles may be studied as a function of angle of 
_, Scattering. 
(ivy Ge Rutherford’s nuclear model of the atom, the 
Positive charge and most of the mass of the 
pie are concentrated in the nucleus with the 
ens Some distance away. It is obvious from the 
of the ape a ee Marsden ‘experiment that most 


Pass straight through i. 
(v) ) In case of head-on ig! ‘ough the gold foil. 


1S minimum and the 
fact that only a s; 


(iii) 


collision, the impact parameter 
G-particle rebounds back. So, the 
mall fraction of the number of 


15. 


16. 


17. 


18. 


19. 


20. 


21 
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incident particles rebound back indicates that the 
number of a-particles undergoing head-on collision is 
small. 


This in turn implies that the mass of the atom is 
concentrated in a small volume. 


Hence, options (a) and (b) are correct. 


(i) Rutherford’s model did not explain the stability of 
nucleus. 


(ii) It does not explain the line spectrum of hydrogen 
atom. 


For first excited state, n= 2 
Ground state occurs for n=1 


Since, 1, =1, n? and 1, cn? 


1, where 7, and ¥, are radii corresponding to 
d state and ground state of the atom. 


No, it is not possible for the electron to have different 
energies because according to Bohr's model, 

13.6 

n 


The electrons which have different energies, have 
different values of n. 


nh 
Angular momentum, mvr = —, so as n changes angular 
momentum changes. 3 


The angular momentum of electron revolving in nth 
orbit of hydrogen atom is 


L=mvr= is 
2n 
For second orbit, n = 2 
ath lh 
i 


H,-line of the Balmer series in the emission spectrum of 
H-atom is obtained in visible region, 

On removing one electron from He’ and He?, the energy 
levels, as worked out on the basis of Bohr’s model will 
be very close as both the nuclei are very heavy as 
compared to electron mass. 

Also, after removing one electron, He* and He? atoms 
contain one electron and are hydrogen like atoms, 

Refer to text on pages 473 and 474, 

The distance of closest approach is given by 


1 2exZe 2 
—_— wali) 
ATE, r 
; 1 
ie. ree — 


Let r, be the new distance of closest approach for a twice 
energetic a-particle. 
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22, 
23. 
24. 
25. 
26. 


27. 
28. 
29. 
30. 


SL 


32. 


33. 


1 1 
and m, is given by => +7 


Refer to text on pages 473 and 474, 

Refer to text on pages 474 and 475, 

Refer to text on page 475, 

Refer to text on pages 474, 475 and 476, 

An atom can emit or absorb radiation in the form of 
discrete energy photons only when an electron jumps 


from a higher to a lower orbit or from a lower to a 
higher orbit, respectively. 


Frequency condition hy = E,-E, 

where, Vis frequency of radiation emitted, E, and Ey are 
the energies associated with stationary orbits of 
Principal quantum numbers n, and ny respectively (where 
n> ny). 

Refer to text on page 475, 

Refer to text on page 476. 

Refer to text on page 476, 

Refer to text on page 479. (de-Broglie’s Comment on 
Bohr's Second Postulate) 


According to Bohr's theory, centripetal force required by 
the electron for its motion around the nucleus = Electric 
force between the proton and electron. 

mv? 1 (4p Ge) 


ro 4me,r® 
where, r = atomic radius, q, = charge of proton = + 


[from Coulomb's law] 


9. = charge of electron = — ¢ 
m1 


rr 4me, or? 


4 
Now, given charge on proton, q, = + >¢ 


Charge on electron, q, = - oe 


Putting the new value (keeping after factors unchanged), 


my 
r ANEy r 
_ 1 -e 
"ane, 


ie. Bohr's formula remain unchanged. 
No; Because according to Bohr's model, energy of 


electron in nth orbit of H-atom, E, 


Hence, electrons having different energies belong to 
different energy levels, i.c. different values of n. 


Therefore, their angular momentum will be different due 
to different values of nas 


oh 
Angular momentum, L =mur == 


The reduced mass m of two particle system of masses m, 
1 


mm, 


34. 


35. 


36. 
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‘The total energy of the electron in the stationary states 
4 
e 


of the hydrogen atom is given by E, = 


signs are as usual but m is the reduced mass of electron 
and proton. Also, the total energy of the electron in the 
ground state of the hydrogen atom is —13.6 ev. For 
H-atom, reduced mass is m, whereas the positronium, 


i m, i 
the reduced mass is m= ae Hence, the total energy of 


the electron in the ground state of the positronium atom 
is—252¥ __ 6 gev. 

2 
From the nth state, the atom may go to(n-1) th state, ... 
2nd state or Ist state. So, there are (n—1) possible 
transitions starting from the nth state. 
The atoms reaching (n—1)th state may make n-2 
different transitions. Similarly, for other lower states, 
the total number of possible transitions is 

n(n-1 

(n-1) + (n- 2)+(n-3) +--+ 241 = n(n) 
Refer to text on pages 507 and 508. 
(Bohr's Model of Hydrogen Atom) 


For Brackett-series, x =R ( 


£ 


n=5,6,7,... 
For shortest wavelength, n=5 


1 7(1 4 
= = =1.097x 107 | —~ + 
a ( ) 


16 25 
9 2 
= 1.097 10” x = 0.0246 x 107 
16x 25 
= A= 40514x 107 = 4051 nm 


It lies in infrared region of electromagnetic spectrum. 
The velocity of electron, 


Here, Z =1,e= 1.6x 10°" ©, 
€&) =885 x10" NC*m 


h= 6.62x 10™ J-s andn=2 
(in Ist excited state) 
1x (6x 107? 


=v, = < 
2% 2% (6.62% 107") x (8.85% 1077) 


= 1.09% 10° m/s 


ape 
Radius of orbit, r, = Eo 
Tme? 
Here, m =91 x 107 kg 
2 2 
a ike (2)" & (6.62 107)? x (8:35 x 10") 
3.14% (9.1% 107) x (16x 10) 
= 212x107 m 


proms 


‘time period or orbital period, 
ott 
T= rs 
_ 2x 3.14x 2.12 107? 
"1.09% 108 
= 1.22x 10% s 
37. Refer to text on page 473, (Observations) 
Refer to text on page 474. (Impact parameter) 

98. Refer to text on page 476. 

99. Refer to text on page 477. 

40. Refer to text on page 477. 

Al. (i) Bohr's second postulate states that the electron 
revolves around the nucleus in certain privileged 
orbit which satisfy certain quantum condition that 
angular momentum of an electron is an integral 


multiple of 4 where h is Planck's constant. 
iT 


r h 
ie. Lome" 
an 


where, m= mass of electron, v = velocity of electron 
and r = radius of orbit of electron. 


> anr=n (*) 
mv 


. Circumference of electron in n th orbit 
= nx de-Broglie wavelength associated with 


= 


(ii) Given, the electron in H-atom is initially in third 
excited state. 


electron. 


a n=4 
And the total number of spectral lines of an atom that 
can exist is given by the relation 


_a(n-1) 
Here, n=4 
So, number of spectral lines 
_4(4-1 


2 
Hence, when a H-atom moves from third excited state to 
Ground state, it emits six spectral lines. 
Refer to text on page 477. 
In H-atom when an electron jumps from the orbit n, to 


orbit ny, the wavelength of the emitted radiation is 
Biven by 


42, 


where, R= Rydberg constant = 1.097% 10” m7 
For Balmer series, { = 2andn, =3,4,5,... 


1ip(tit 
z np 


a 


489 


where, 1, =3,4, 5, 0 


These spectral lines lie in the visible region. 


n=4 n=5 
0 ——_|9 
~ 0.85 a g 
n=3 a 
15 g 
g | | 
B-3.40/4=2 
2 Balmer 
w series 
-13.6L0=1 Ground state 


43. (i) According to Bohr's principle, electrons revolve in 2 
stationary orbit of which energy and momentum are 
fixed. The momentum of electrons in the fixed orbit is 


given by a (where, n= number of orbits). 
iT 


According to de-Broglie's hypothesis, the electron is 
associated with wave character. Hence, a circular 
orbit can be taken to be a stationary energy state only 
if it contains an integral number of de-Broglie 
wavelengths, ie. 2nr = nA 

(ii) According to question, 


he 
E,-Ec= 2 A) 
E,-Es = -@) 
he 
Eo - Ey=—— ~- (ii) 
c A Xs 


Ay Ay Ay 
This is the required expression. 


44, «. The total energy of the electron in the nth stationary 
state of hydrogen like atom of atomic number Zis given 


1 (136 eV 
by 5, =2*( a 


For a He-nucleus with charge 2e and electrons of charge 
~ e, the energy level in ground state is 


a(-136eV)_ 52(-13.6eV 
a= (BE) af 2 


=-54.4eV 
Thus, the ground state will have two electrons each of 
energy £ and the total ground state energy would be 
—(4 x 136) eV =- 544 eV 


490 


45. (a) Bohr's second postulate defines the stable orbits, This 
postulate states that the electron revolves around the 
nucleus only in those orbits for which the angular 
Momentum is some integral multiple of h/2x, where h 
is the Planck's constant (= 6463107" J-s), 


ie 2 
GaN 


( { 
Na 


Asstanding wave is shown on a circular orbit 


According to de-Broglie wavelength of moving 


electron A = 
my, 

where, v, is speed of electron revolving in nth orbit, 
As, nr, =nh [from figure] 

nh 
a 2nr, = 

mv, 
or mV, , sate n(h/2m) 

2n 


ite. Angular momentum of electron revolving in mth 
orbit must be an integral multiple of h/2m, which is the 
quantum condition proposed by Bohr in his second 
postulate. 

(b) We know that, energy of electron in nth orbit is 


E, 1 
Similarly, for n 


Ey 
++ Energy difference, AE = E, - E, 
-[- eo vd 


16 
Also, energy of photon is 
AE =i 
AE 
=> ve on (il 
rn (ii) 


From Eqs. (i) and (ii), we get 


v= (-224 136) Ae u 
16 6.63% 10 


“ v=3i x10 Hz 
4G. Let v be the frequency when a hydrogen atom Jumps 
from level nto (n-1). 
ie, m =(n-1) 


Energy, E= hv=E,-E, 


For large values of n,(2n -1 = 2n), (n -1 =n), we have 


In Bohr's atomic model, velocity of nth orbit, vy = 


and radius, r = 
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meta.” 


oh 


n'(n-1? | 

_ me? [(n + n-1)(n-n +1) 
~ 2hn?(n-1)° 

= mera(2n-1) 

© 2hr?(n=1)? 


me*a?2n _ mea? [: oa 2K 


2hn'n* he 


on 


_ me? 4n?K7e* 
hc? 
4n°K*me* 

aS a) 

n 
kn 


rrr 


whe 


4n'mKe? 


Thus, frequency of oscillation 


vi _ nh far’ 
2nr 2mr 


Ibis same as Eq. (i). 

So, we can say that for large values of n, the classical 
frequency of revolution of electron in nth orbit is same as 
the frequency of radiation emitted when hydrogen atom 
de-excites from level n to level (n-). 

a) Refer to text on pages 475 and 476, 

(b) The wavelength of the lines in Balmer series is 


expressed by the forniula, 


i(5-3) 


For shortest wavelength of the spectral line emitted in 
Balmer series is given by 


*) 
A oaye 4g 


[eR=10] 
=> a,=4 zi 
1 gr = 4X10 m= 4000 A 
For longest wavelength in Balmer series, 
1 
va 


(sn=3) 


1 _ 5x10" 

= 36 

or = Ay =7.2X 10 m=7200 A 
Ay _ 72009 
2, 4000-5 


48. Refer to text on pages 477 and 478, 
a 1 

ry 
i 


As, V=Rex 


ny n, 
Here, higher state is n,=4 and lower state is 
np=3,21 
For the transition, 
n, = 4 tony =3:— Paschen series 
n, = 4 tony = 2:— Balmer series 
n=4 ton; =1: — Lyman series 
49, Energy in second excited state, 


13.6 
E,=-——evV 
Oy 
=- 138 =-151eV 
Energy in ground state, 
E, =-136eV 
AE= 
= 151- (-13.6) 
=- 151+ 13.6 
=1209eV 
Wavelength, 4 = 12275 412375 4 _ 999 5 
AE 12.09 
50. Energy of electron beam, 
E=125eV 


= 12.5x16x10J 
Planek constant, h= 6.63x 107 J-s 


Velocity of light, c= 3x 10° m/s 


Using the relation, E = * 


63x 10 x 3x 10° 
12.5x 1.6x 10° 
= 0.993% 107m 
= 993x 10m 
=993A 


So, wavelengi 
512A to1216 A, 


Approx. 22 Per minute, refer to Example 1 on page 473. 


Refer to Example 4 part (ii) on page 478. 
 () 10.2 eV: refer to Example 5 on page 479. 


(i) The highest permitted energy level to the first 
Permitted level, 


AE = E,-E, =0- (- 13.6)= 136 eV 


th falls in the range of Lyman series from 


54. 


55. 


56. 


|» Radius of the nth Bohr orbit, r= ——* 


49] 


Ratio of energies of photon 
10. 
= 0.2 3: 23:4 
136 4 


we know that the radius of first Bohr orbit of 


z 
fi 
H-atom is he mths 


As, 


me” 
Let us consider that the atom is bound by the 
Sei Gi 
Gravitational force = ane 
r 


2 
We replace = by Gm,m,. In that case, radius of first 
0 


orbit (Bohr) of H-atom would be 


= 
G 


Gm, - m? 
By substituting the standard values, we get 
6.63x 10) 
_ ( 2x 3.14 
0 Cex x 187% 10" x (9.1% 10"F 
= 12x 10? m 


Given, radius of the orbit of the earth around the sun, 
r=15X10'm 


Orbital speed of the earth, v = 3x10" mis 
Mass of the earth, m= 6x 10" kg 
According to Bohr’s model, angular momentum is 
quantised and given as, mvr = a 
where, h= Planck constant = 6,63x 107 J-s 
n= quantum number, 
myr 2m _ 20 X 6x10" X3x 10'x 15x 10! 
nS a 663 x 10" 
= 25.61x 10” 
= 26x 10" 


Hence, the quantum number that characterises the 
earth's revolution is 26 x 10", 


2.12% 107" mand 4.47x 10°" m; refer to example 4 (i) 
on page 510. 

nh'eg 

nmZe* 


Again, Ree 


m2 


For hydrogen, Z =1 and for helium, Z =2 


. She 
m2 
1 
= Tues = 3TH 
0: 
= = = 0.265A 


For radius of third orbit, i.c. for n=3 
1 = (3)? x 0.265A 


= 9x 0.265A 
= 238A 
r 
= 
mom 
a 
= i- 53x10 
ny 21.2x10"" 


H,=2 
(i) We know that, E 


=-34 eV 


59. Angular momentum of an electron in nth orbit = a 
Te 


By Bohr's hypothesis, we have 


nh nh 
myr=73 = y= 
an 2nmr 
Time period to complete a revolution in an orbit, 


p= 2r_ amr (2nmr) _ an*mr? 


v nh nh 
Since, radius of the orbit is proportional to n®, hence 
ren 
=> r= ayn* 
: ie 4antmay nt 4x? main? 
7 nh h 
-. Number of orbits completed in 10°'s 
_10° _ 10° xh 
~ 4n’ maj n* 


10° x6,6x10"" 


Gx (B14) 9.1 x10 (5.310 "YF x (QP 
=8x10° 


60. To find the wavelength and frequency of photon, use 
the relation of energy of electron in hydrogen atom. 


61. 


62, 
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= E, — E,=-0.85-(-13.6) 
=12.75eV 


AE = 12.75eV =12.75 x16 x10” 
= 204 x10) 
hPwWs see ee 
hh 6.63x 10% 
= 3.1 10° Hz 
Wavelength of photon, 4 = c= jae 
= 9.74% 108 m 


‘Thus, the wavelength is 9.74 x 10” *m and frequency 
is 3.1 x10" Hz, 

Lyman series, n = 2,3, 4... ton=1 

For short wavelength, 2 =o to 
2375 


Energy, 


Also, energy of nth orbit, E = 1334 
7 


So, energy of n =1, energy level = 13.54 eV 
Energy of n = 2, energy level 


So, short wavelength of Balmer seties = 12375 


3.387 
= 3653A 
Energy levels of H-atom are as shown below 
-1510V 
n=3 
-34ev Reais 
Ase 
13.6 eV 
n=1 
Wavelength of spectral line emitted, 
rote 
AE 
Taking, he = 1240 eV-nm, 
We have, AE =-151- (- 3.4) 
= 1.89 eV 
1.89 
= 656nm 


This belongs to Balmer spectral series, 


proms 


1 1 
e2ev, L= (2- 
63. Here, > ry 2 


pat n(- 


a 


na2mean 


ven(-4)= 2% 16x10" +16 x10" x 055 
4 on 


9662 107" 3 x10" « 1097 «107 ( =+ 
1 


= (3.24088) x 107” 


= airaoxio"(# u )=ansxc10” 
Aon 
be. u = 0187 = n=4 


absorbed by it is 
- 136 +125=—-1.10V 


=> n=3 


65. (a) Refer to diagram on page 511. 
(Line Spectrum of the H-atom) 
(b) For largest wavelength, n= so 


Jd x10" 
An 4 
4a 
> Ay a1" 
= 3636x107 m 
= 3636A. 
For shortest wavelength, 
n=3 
1 
-a(3-2) 
: 2 3 


=U x107x> 
36 
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> Ape 38 307 
55 


= 6545 x10” m 
=6545A 
6G. Energy stored in first excited state, 


Energy in ground state, E, = -136eV 
AE = Ey ~ E, = -136-(-34) 
—10.2eV 


12375A 
de 10.2 
=1213.23A 


67. Number of spectral lines obtained due to transition of 
electron from n= 4 (3rd excited state) ton =1 (ground 
state) is 


N 


Wave length (A) = 


(44-1) 
2 


7——————— n= 4 (rd excited state) 
nee eae (and excited state 


n=2 (1st excited state) 
U 


‘n=1 (Ground state) 


These lines correspond to Lyman series. 
68. The third line in Balmer series in the spectrum of 
hydrogen atom is H,. H, in Balmer series corresponds 
to transition n = 5 to n= 2 So, the electron in ground 
State, i.e. from n=1 must first be placed in state n=5, 
Energy required for the transition from n= 2ton=Sis 
given by 
= E, — E, = 13.6- 0.54= 13.06 eV 

Since, angular momentum is conserved. 

Angular momentum corresponding to Hy photon = 

Change in angular momentum of electron 
=L,-L,=Sh- 2h=3h=3x 1.06x 10 
= 3.18x 10 kg-m?/s 


ay )i026.7+ 304 
10267304 41,097 x10 
= 40007 
n 
> n= 603 
Hence, the principal quantum number is 6. 
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TO. Since, we know that for Balmer series, 


} Ny = 3,4, 5, sos 


For shortest wavelength in Balmer series, the spectral 
series is given by 


n= 2,1, = 00 
=> Lope 
a 2 es? 
= derxi = 1.8 
a 4 a4 
=> iets 4 
R 1.097% 107 
(es R=1.097 x 107m] 
=> A= 3.64x 107 m 
The lines of Balmer series are found in the visible part of 
the spectrum. 
TL For Balmer series, —! -(3-4 ie 
ha 2 
For highest energy n—> e => 2g =4 
= Ae IR ER 
Ap 2 4 


For Paschen series, im = w(-4) 


For highest energy, 


49 
Agi hpscim 49 
> B R R” 
72. Using formula for Paschen series, 
i t 
=k 
a [3 


9 
2 = — = 8204 nm 
oa R j 


73. (i) Anelectron undergoes transition from second excited 

state to the first excited state which corresponds to 

Balmer series and then to the ground state which 
corresponds to Lyman series. 

(ii) The wavelength of the emitted radiations in the two 


cases. 
-1.50V 


n=3 , 
a aa 
Lyman series 
mes ~13.6 
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hat, jin fe 
Welksowt at, RET 


From ny +", 
Ac 


A 


2 


he _he 


G5) (34) 19 


3 


From n, > My 


74. Foran electron revolving in nth orbit of radius ,, then 


we have, nk = 2nr, 
For electron orbiting in ground state, n=1. 
1A = 20 
= 2nx05A [en =054] 
=n 
or h=3.14A 


. For electron in first excited state, ie. n= 2. 


So, if A be its wavelength (de-Broglie), then we have 
nd = arr, 
where, r, is the radius of second orbit. 
7, = 05 xn? (in A) 
=05x4=2A 
0 &xhsaxnx2d 
=> A =em(A) =6.28A 


.. According to Bohr’s postulates, 


me Bh (i) 
on 


(where, mvr = angular momentum of an electron andais 
an integer). 
2 
Thus, the centripetal force,’ (experienced by the 
r 

7 kze? 

electron) is due to the electrostatic attraction, age 
r 


where, Z= Atomic number of the atom. 

my? _ kZe? 

7 

Substituting the value of v? from Eq, (i), we obtain 

m_ wh _ kze? 
rant 

= pee 

4n*mkZe? 


Therefore, 


proms 


‘The relation for the nth radius of Bohr orbit in terms of 
Bohr’s quantisation condition of orbital angular 
242 
wh 
tum = ———; 
momen 4x? mkZe? 
77, 18751 A; refer to Q. 62 on page 485. 
‘The wavelength belongs to Paschen series of hydrogen 
spectrum. 
78, (i) 34 eV and (ii) - 6.8 eV; refer to Example 4 part (ii) on 
page 478. 

(ii) The potential energy of a system depends on the 
reference point taken. Here, the potential energy of 
the reference point is taken as zero. If the reference 
point is changed, then the value of the potential 
energy of the system also changes. Since, total energy 
is the sum of kinetic and potential energies, total 
energy of the system will also change. 

79, Muonic hydrogen is the atom in which a negatively 
charged muon of mass about 207 m, revolves around a 
proton. 


’ . z 
In Bohr’s atomic model, re — 
m 


[:m, = 207m] 
m, 207m, 207 


Fetectron 
Here, r, is radius of orbit of electron in H-atom = 053 A 
_ 053 x 10°" 
(Heer marr oad 
207 207 
= 256% 10°? m 


Again in Bohr's atomic model, 
Em 


> Ey = 207 E, 
For ground state, energy of electron in H-atom, 
13.6 eV 
07 (— 13.6) 
— 2815.2eV 
=~ 28152 keV 
Refer to text on pages 475 and 476. 


In second excited state, i.e. n = 3, three spectral lines 
namely Lyman series and Balmer series can be obtained 
corresponding to transition of electron from n= 3 to 
n=1andn=3ton= 2 respectively andn=2ton=1. 


For Lyman series (minimum wavelength) n= 3 to 


cae: 
Ren ADP 
For Balmer series (maximum wavelength) 
n=3ton=2, 


1 1 
pence Ny | (eeetnal 
Dns E :) 


80, 


8R/9 é oni) 
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(ii) 


«62 
SRS 
Deas Mais = 3285 
81. The energies of gaseous hydrogen at room temperature 
are as given below 
E,=-13.6eV, E, =-34 eV 
E,=- 151 eV, E, =— 085 eV 
E, - E, = —151-(-136)= 1209 eV 
and E, -E, = - 085 —(-136)= 1275 eV 
As, both the values do not match the given value, but it 
is nearest to E, - E). 


«. Upto E, ~ E, energy level, the H-atoms would be 
excited. 


Lyman series, > =A 


For first member, n= 2 


ee: 
EN > =R-— 
A [3 + 
= 1.097 x10" (J 
4 
> Ay = 4.215 x 107 m 


A: 
Balmer series, ; = as = | 


n 
For first member, n=3 


=1097 x10" |t-4 
[4 9 


> 2, = 656 x 107 m 
82. (i) Let v, be the orbital speed of the electron in a 
H-atom in the ground state level, n, = 1. For charge (e) 
of an electron, v, is given by the relation, 


é é 


meets) 
mel on 


where, e = charge on an electron 
= 16x10" C 
€, = permittivity of free space 
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= 885x107 N71C?m? 
A= Planck constant = 6,63 107 J-s 
7 (ex10- 
2x 8.85x10"" x 6.63 x10 
= 0.0218x10° = 2.18 10° m/s 
We know that, v, = v,/n 


For level n, = 2, we can write the relation for the 


corresponding orbital speed as, 
vy, _ 2.18x 10° 
2 2 

=1.09%10° m/s 


and for level n, = 
corresponding orbital speed as 


_ M1 _ 2.18x10° 
3 


VY, 


Vs = 7.27 x10? m/s 


Hence, the speed of the electron in a H-atom in 


n=1, n=2 and n=3 is 2.18X 10° m/s, 
1.09x 10° m/s and 7.27 x10°m/s, respectively. 


(ii) Let T, be the orbital period of the electron and is given 


by T=—— 
y 


we can write the relation for the 
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where, r= radius of the orbit 
Tme 


h=Planck constant = 6.6310" 
= charge on an electron = 16 x10" C 
of free space 

2 NC? 

9.1% 107! kg 


permittivi 
885 x 10 
m=mass of an electron 


rd 
t 


W 


Forn 


2nr, _ 2x 3.14% 0.53% 107" 


ameriae 2.18% 10° 
= 152x 10's 
As, fiat 
Then, 2yT, =8x152 x 107° 


= 122x10¥s 
(3) T, = 27x 1.52 10° 


=4.10x 107s 
Then, the orbital period in each of these levels is 
1.52% 10°" s, 1.22x10""s and 4.10 x10""> s, respectively. 


SUMMARY 


» o-Particle Scattering Experiment by Rutherford In this 
experiment, @ collimated beam of a-particles of energy 5.5 
MeV was allowed to fall on 2.1x10'm thick gold foil. The 
a-parlicles were observed through a rotatable detector 
consisting of zinc sulphide screen and microscope and it 
was found that particles got scattered, which produce 
scintillations on zinc sulphide screen. 


+ Rutherford's Model of Atom According to this model; 
every atom consists of a central core called the nucleus of 
an atom and the size of the nucleus is of the order of 1071 
m. The atomic nucleus is surrounded by certain number of 
electrons and they revolve around the nucleus in various 
circular orbits, 


Electron Orbits The total mechanical energy E of electron 


hydrogen atom is E = 4 
Ranyarg Ey I 


Drawbacks of Rutherford's Model It could not explain 
() stability of atom. 
(il) line spectrum. 


Distance of Closest Approach Ata certain distance fy 
from the nucleus, whole of the kinetic energy of c-particles 
cannot go further closed to the nucleus. 


Scattering Angle Angle by which a-particles get deviated 


from its original path around the nucleus is called angle of 
scattering, 


Impact Parameter Perpendicular distance of the velocity 
vector of the o.-particles from the central line of the nucleus 
of an atom is called impact parameter. 

Bohr's Model of Hydrogen Atom Bohr's combined 


Classical and early quantum concepts and gave his theory 
nthe form of three postulates, 


First postulate state that an electron could revolve ina 


Certain stable orbits without the emission of radiant energy. 


Second postulate tells that mur = x 
Tr 


Thitd postulate tells that hy = E,-E,. 


 Radii of Bohr's Stationary Orbits 


ain 
fe 
4n*mke* 
> fecn? 
* Velocity of Electrons in Bohr’s Stationary Orbits 
2n Zke® 
nh 
® Frequency of Electrons in Bohr's Stationary Orbits 
: kZe* 1 
yv=—— «— 
nhr a 
* Total Energy of Electrons in Bohr's Stationary Orbits 
_—me*Z? 
© Bneezh? 


Hydrogen Spectrum It consists of discrete bright lines a dark 
background and is known as hydrogen emission spectrum. 
There is one more type of hydrogen spectrum exists, where we get 


dark lines on the bright background, itis known as absorption 
spectrum, 


Formulae for the Spectral Series of Hydrogen 


Lyman series t = 2-4} wheren=2,3.4 ... 


Balmer series ale R (= -4) wheren =3,4,5, ... 
ny 2 on 


Be 
Pa 
+) teen =5,6.7,... 


Paschen series ; =R ( wheren=4.5,6, ... 


sl 
e 
aol 1 

Brackett series — =R (3 meee 
a # on 


Pfund series uh R (3 - >} wheren =6, 7,8, .. 
a Son 


de-Broglie's Comment on Bohr's second Postulate According 
to de-Broglie, a stationary orbit is that which contains an integral 
number of de-Broglie standing waves associated with the 
fevolving electron. 


CHAPTER 


PRACTICE 
(UNSOLVED) 


OBJECTIVE Type Questions 


1. Atoms consist of a positively charged nucleus 
is obvious from the following observation of 
Geiger-Marsden experiment 
(a) most of a-particles do not pass straight through 
the gold foil 

(b) many of a-particles are scattered through the 
acute angles 

(c) very large number of a-particles are deflected by 
large angles 

(a) None of the above 


2. The simple Bohr model cannot be directly 
applied to calculate the energy levels of an 
atom with many electrons. This is because 

. NCERT Exemplar 
(a) of the electrons not being subject to a central 
force 
(b) of the electrons colliding with each other 
(c) of screening effects 
(d) the force between the nucleus and an electron 
will no longer be given by Coulomb's law 


bad 


Taking the Bohr radius as a, = 53 pm, the 
radius of Li** ion in its ground state, on the 
basis of Bohr’s model, will be about 

NCERT Exemplar 
(b) 27pm 
(a) 13 pm 


(a) 53 pm 
(c) 18 pm 
4. In Bohr's atomic model, in going to a higher 
level (PE= potential energy, TE= total energy) 
(a) PE decreases, TE increases 
(b) PE increases, TE increases 
(c) PE decreases, TE decreases 
(d) PE increases, TE decreases 
5. The kinetic energy in ground state of hydrogen 
atom is - 13.6 eV. What will be the potential 
energy of electron in this state? 
(a) - 27.2 eV (b) +27.2eV 
(c)-13.6eV (d)0 ev 


Balmer formula is valid for 

(a) hydrogen 

(b) singly ionised helium 

(c) doubly ionised lithium 

(d) All of the above 

In hydrogen spectrum, H, lines lies in 


(a) Lyman series 
(b) Balmer series 

(c) Paschen series 

(d) Brackett or Pfund in one of them 


The number of spectral lines produced due to 
transition among three energy levels will be 
(a) 10 (b) 8 (6 (d)3 


The de-Broglie wavelength of an electron in first 
Bohr's orbit is 


(a) equal to ; of circumference of orbit 
1 
(8) equal to = of circumference of orbit 


(c) equal to twice of circumference of orbit 
(d) equal to the circumference of orbit 


VERY SHORT ANSWER Type Questions 


10. 


il. 


12, 


13. 


What is the impact parameter for scattering of 
o-particle by 180°? 


What is the ratio of mass of an a-particle to that 
of an electron? 


Calculate the radius of the first orbit of H-atom. 
Show that the velocity of electron in the first 
orbit is 1/137 times the velocity of light. 


Name the spectral seri ing i 
ies of H- 
infrared region, ee 


SHORT ANSWER Type Questions 


14, 


Explain, why Scattering of o-particles in 


Rutherford’s experi - 
‘periment is not 
mass of the nucleons? affected by the 


Atoms 


Derive the expression for the wavelength of the 


 y-atom for different spectral series. 


16. 


Derive the Bohr’s quantisation condition for 

angular momentum of the orbiting of electron in 

hydrogen atom, using de-Broglie’s hypothesis. 
All India 2017 


LONG ANSWER Type I Questions 


{7. 


21. 


22, 


23. 


Explain the significance of negative energy of an 
electron in an orbit. What is the energy 
possessed by an electron for n = «? 


, Draw energy levels for the hydrogen atom. 


What does an emperical formula mean? Hence, 
explain that how Balmer proposed this 
formula? 


. Using Bohr’s postulates, derive the expression 


for the total energy of the electron revolving inn 
th orbit of hydrogen atom, Find the wavelength 
of H, line, given the value of Rydberg constant, 
R=11x10'm". 

What is the difference between emission spectra 
and absorption spectra? 


Explain the origin of spectral lines of hydrogen 
using Bohr's theory. 

How did de-Broglie's equation lead to the 
quantisation condition laid down by Bohr? 


LONG ANSWER Type IT Questions 


24, 


25, 


(i) State the basic assumption of the Rutherford 
model of an atom. Explain in brief, why this 
model cannot account for the stability of an 
atom? 


(ii) Using Bohr's postulates, derive the 


expression for radius of electron in nth orbit 
of electron in hydrogen atom. 


(i) Using postulates of Bohr's theory of 
hydrogen atom, show that 
(a) the radii of orbits increase as n? and 
(b) the total energy of the electron increases 
as 1/n?, where n is the principal quantum 
number of the atom. 


(ii) Calculate the wavelength of H,-line in 
Balmer series of hydrogen atom. 


Given, Rydberg constant, R =1.097x 10" m7, 


10.. We know that, impact parameter (6) = ——. 
ATE, 
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ANSWERS 


4. (b) 
9. (d) 


1. () 5. (b) 


6. (i) 


2. (a) 3. () 


7. (b) 8. (d) 


1 Ze* coto/2 

K 

Here, 9 =180° 

b=0 [- cot 180°= 0] 
So, impact parameter becomes zero when scattering of 
a-particles occurs at 180°. 

I. We have, mass of a-particle 


(He!) =4x1.67 x10 kg 

Mass of electron = 9.110 ke 

_4x1.67x107 
91x10" 


Ba 


m, 


=7341 
e 


Hence, a-particle is 7341 times heavier than electron. 


12, We have, radius of nth orbit, r, 


Forn=1, 
2 any a2 
= ey. (663x10") x(pasxad MY a0s3A 
me? (3.14) (9.1107) (1.610 


By Bohr's postulate, we can also write as 
anh 


v= 


anmr 


2 

For n=1, we get ¥, = —— orwe can write it as=— 

2he, 13) 

13. Brackett and Pfund series of H-atom lying in the 
infrared region. 

14. The electrostatic force of attraction between particles 
and nucleus is = 10° stronger than the gravitational 
force, ie. 

Gig Mucus 


Hence, scattering of c-particles is not affected by the 
mass of nucleus significantly. 

15. Refer to text on page 478. 

16. Refer to text on page 479. 
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TZ. Refer to text on page 477, 

18. Refer to text on page 477. 

19. An empirical formula is based solely on observation and 
experiments but not necessarily supported by theory. 


The spacing between the spectral lines within certain 
sets of the hydrogen spectrum decreases in a regular 
way. As the wavelength decreases, teh lines appear 
closes together and are weaker in intensity. Balmer 
found a simple empirical formula for the observed 


comelengths. 
ter (3 z 5) 
a 2 


Refer to text on pages 477 and 478. 
Refer to text on page 478. 
Refer to text on page 478. 
Refer to text on page 479. 


24. (i) Refer to the text on pages 473 and 475, 
(ii) Refer to the text on page 476. 


20. 


ERR 
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25. (i) (a) Refer to the text on page 476. 
(b) Refer to the text on page 477. 


1 11 
(ii) We know that, a =R m 3 


For H,-line in Balmer series. 
14 
i=R 3 -3 
a 2 8 
in 
= 1,097 x10" —-— 
49 
9-4 
36 
5 
6 
- 


7 


=1.097 nai | 
[; 
36 a 


=——_-x1 
5x 1.097 
4 = 656107 m 


or 


Rutherford established that a central core exists in every atom which contains entire 
positive charge and more than 99% mass of the atom, this central core was named as 
Nucleus. In this chapter, we will study the constituents of nucleus and how they are 
held together. Further, we will proceed with the topics, size, mass, density and stability 
of Nuclei. And finally, we will have a look at the associated nuclear phenomena such as 
radioactivity, nuclear fission and nuclear fusion. 


NUCLEI 


|TOPIC 1| 
Nucleus and Its Composition 


In every atom, the positive charge and mass are densely concentrated at the 


centre of the atom forming its nucleus, The overall dimensions of a nucleus are ¥ CHAPTER CHECKLIST 
* Nudeus and Its Composition 
» Nuclear Energy 


much smaller than those of an atom, The radius of the nucleus is smaller than 

the radius of an atom by a factor of 10°. This means the volume of a nucleus is 
SNS 

about 107" times the volume of the atom. 


COMPOSITION OF NUCLEUS 


The nucleus was first discovered in 1911 by Lord Rutherford and his associates 
by experiments. on scattering of (-particles by atoms. He found that the 
Scattering results could be explained, if atoms consist of a small, central, massive 
ind positive core surrounded by orbiting electrons. The experimental results 
Indicated that the size of the nucleus is of the order of 10” m and is thus 
a “ smaller than the size of atom. The study of radioactivity revealed 
4 ue leus is not a composite body, but it is made of nucleons. The positive 
"tge in the nucleus is that of the protons. A proton carries one unit of 
ndamental charge. A free proton is stable. 


Atomic Mass Unit 


q : es 
Mass of an atom is very small, Kilogram cannot be used to measure such 


small : . - * 
hay of mass. It is measured by a unit called atomic mass unit 
h Le, u), 


defined as 
Tu = 85 of one ?C atom _ 1992647 x 10° kg 
, 2 . 2 
‘Omi . 
'C masses are measured by an instrument called mass spectrometer. 


his 


= 1660539 x 10” kp. 
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Discovery of Neutron 

The study of isotopes of hydrogen led to the fact that in 
addition to protons, the nuclei of atoms contain neutral 
matter in multiples of basic unit. This hypothesis was 
verified in 1932 by James Chadwick, Chadwick observed 
that when beryllium was bombarded with c-particles, some 
neutral radiations were emitted, which could knock out 
Protons from lighter nuclei such as those of helium, carbon 
and nitrogen, Application of the principles of conservation 
of energy and momentum showed that these neutral 
radiations could not be photons. Chadwick satisfactorily 
solved this puzzle by assuming that the neutral radiation 
consists of a new type of neutral particles called neutrons. 
He estimated the mass of neutron being roughly equal to 
mass of a proton. However, unlike a free proton, a free 
neurron is unstable. The composition of a nucleus can be 
described by using the following terms and symbols: 


Atomic Number (Z) 


Atomic number of an element is the number of protons 
present inside the nucleus of an atom of the element. It is 
also equal to the number of electrons revolving in various 
orbits around the nucleus of the neutral atom. 


Atomic number, Z = Number of protons 
= Number of electrons (in a:neutral atom) 


Mass Number (A) 


Mass number of an element is the total number of protons 
and neutrons inside the atomic nucleus of the element, 


| Mass number, A = Number of protons | 


+ Number of neutrons 


= Number of electrons (in a neutral atom) 
+ Number of neutrons 
= Atomic number + Number of neutrons = Z + N 


The term nucleon is also used for neutron and proton, 
Thus, the number of nucleons in an atom is its mass 
number A. 

Nuclear species or nuclides are shown by the notation 4X, 
where X is che chemical symbol of the species. 


EXAMPLE |1| Ina nucleus of ,U®*, find the number 
of protons and the number of neutrons, 
SoL Number of protons, Z = 92 

~. Number of neutrons, N = A—Z = 238-92=146 
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Size of Nucleus 

‘The size of the nucleus has been measured with the help of, 
variety of experiments involving the scatcering of park 
such as neutrons, protons, electrons, etc. From all th, 
experiments, it is found char the volume of the nucleus 
directly proportional to the number of nucleon, 
(mass number) constituting nucleus. 

If Ris the radius of the nucleus having mass number A, then 


4a? oA => Re AY 
3 


= (=e 4") 


where, Ry = 1.2 x 107? m is the range of nuclear size, 


Tt is also known as nuclear unit radius. 


Owing to the small size of the nucleus, fermi (fm) is found 
to be a convenient unic of length in nuclear physics. 


Icis given as, 
1 fermi (fm) = 107" m 


EXAMPLE |2| Obtain the approximate value of the 
radius of a nucleus )U?*. Take, Ry is 1.2x10-% m. 


Sol. Given, A = 238, Ry = 
As, R= RAN? = 1.2x107%(238)'3 
R=7437 x10 m 


2x07 m 


Nuclear Density 


Density of nuclear matter is the ratio of mass of nucleus and 
its volume, 


If m is the average mass of a nucleon and A is the mass 
number of element, then the mass of nucleus = mA. If Ris 
the nuclear radius, then 


volume of nucleus = : TR? = ‘ n( Ryd) = ; nRiA 


As, density of nuclear matter = Mass of nucleus _ 
Volume of nucleus 


3m 
3 
Te Ro 


Thus, the density of nucleus is a constant, independent of 
A, for all nuclei, Different nuclei are like drop of liquid of 
constant density. The density of nuclear matter is 


approximately 2.3 x 10'7 kg/m? This density is very large 
as compared to an ordinary matter. ag 


soclel 


MPLE |3| Given the mass of iro1 
iA = 56. Find the nuclear density, 
gol. Given, mass, m = 5585 u = 5585 x167 4977 kg 


m nucleus as 55.85u 
NCERT 


Volume, 9 V= pars a (R,AY)3 =tie, SA 
s. Nuclear density, p =F 
= _3%55.85%1.67 x10" 
4x Gxtaxo8) x56 
= 29x10" kg/m? 
EXAMPLE [4] Supposing that protons and neutrons 
have equal masses. Calculate how many times nuclear 


matter is denser than water? Take, mass of a nucleon 
£16710" kg and Ry = 1.2107 mn, 


Sol. Density of nucleus (of water), 


Density of water, p’= 10° kg/m! 
p _ 2307 x10" 


<= = 2307 x10!" 
p 10 


MASS-ENERGY AND 
(CLEAR BINDING ENERGY 


Mass-Energy 
Einstein shows 


ed that mass is another form of energy and 
O€ can conv, 


rt mass-energy into other forms of energy. 
Stein's Mass-energy equivalence equation is F = mc? 
Where, F is the energy, m is the mass and c is the velocity of 
Tin vacuum (approximately equal to 3 x 10° m/s). 
wk Mass of a particle measured in a frame of reference in 
ie the particle is at rest is called its rest mass, usually 
& oted Y my. The rest mass-energy of a particle would be 
a Which is enormously large on account of large value 
¢, 


Tis kinetic energy of the particle, then its total energy, 


= rest mass-energy + KE = mge? + / 


‘h : 
tae MAS called effective mass of the particle, when it is 
"NB: Clearly, m> my. 
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The conservation law of energy states that the initial energy 


and final energy are equal, provided the energy associated 
with mass is also included. 


Nuclear Binding Energy 

The sum of the masses of neutrons and Protons forming a 
nucleus is more than the actual mass of the nucleus. This 
difference of masses is known as mass defect. 

Ifa certain number of neutrons and Protons are brought 
together to form a nucleus of a certain charge and mass, an 
energy E,, will be released in the process. The energy £, is 
called the binding energy of the nucleus, 


Thus, the binding energy of a nucleus may be defined as the 
energy equivalent to the mass defect of the nucleus, 

If we separate a nucleus into its nucleons, we would have to 
supply a total energy equal to E,, to those particles from 
Einstein equation, 


E=Ame? [Am = mass defect] 


E, =[Zm,+(A-Z)m, - Mc? 
where, M is mass of nucleus, 


is the mass of proton and 
m, is the mass of neutron, 


The mass defect Teappears as equivalent energy (Am)c?, 
which is liberated during the formation of nucleus, 
Conversely, an amount Ame? of external energy is required 
to break the nucleus into Protons and neutrons. This energy 
is called binding energy. 
“The binding energy of a nucleus is defined as the 


minimum energy required to Separate its nucleons and 
place them at rest and infinite distance apart”. 


Average Binding Energy Per 
Nucleon of a Nucleus 
Itis the average energy spend to remove a nucleon from the 
nucleus to infinite distance. It is given by total binding 
energy divided by the mass number of the nucleus, 
Binding energy per nucleon 
Total binding energy 
nC TBY 

Number of nucleons (A) 

Ey 
or Ey, = ra 
EXAMPLE |5| A given coin has a mass of 3.0 g. 
Calculate the nuclear energy that vould be required to 
separate all the neutrons and protons from each other For 
simplicity assume that the coin is entirely made of 53Cu 
atoms (of mass 62.92960 u). NCERT 
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Sol. Given.mass of coin = 3g 
Atomic mass of Cu = 63 
Mass of Cu, m = 6292960 0 


Avogadro's number = 6.023% 10”) 
Mass of proton, m, = 1.007825 0 
Mass of neutron, m, = 1.008665 11 
Nuclear energy required to separate neutrons and 
protons, E, =? 
Since, each atom of copper contains 29 protons and 34 
neutrons. Therefore, mass defect of each atom using the 
relation, 

Am=[Zm, +(A-Z)m,]- M 

Am =[29x 1.007825 + 34% 1.008665] — 6292960 


= 0591935 u 
23 
Number of atoms in 3 g coin = scx ee 
= 2.868% 107 
Total mass defect of all atoms, 


(Am)eyay = 0.591935 % 2.868% 10” = 1.697% 10” 


The nuclear energy required (E,,) to separate all the 
neutrons and protons from each other and can be 
calculated by using the relation, 


E, =(Am) xc? =(Am)c?x 931MeV/c” 
[-1u =931MeV] 
= 1.6977 10” x 931 MeV = 1.58x 10” MeV: 


EXAMPLE ([6| Find the binding energy per nucleon of 
zo Ca“ nucleus. Given, m (2,Ca“°) = 39.962589 u, 
m,, = 1.008665 u and m, = 1.007825 u. 

Take, 1 amu = 931 MeV/c’. 

Sol Ina nucleus of »,Ca®, 
Number of protons = 20 
Number of neutrons = 40-20 = 20 
Total mass of 20 protons and 20 neutrons 
= 20m, + 20m, = 20(m, +m, ) 
= 20 (1.007825 + 1.008665) 
= 40.3298 u 
Mass defect, Am = 40.3298 ~ 39,962589 = 0.367211 u 


Total binding energy = 0.367211 x 931 = 341.873441 MeV 
_ 341873441 


Ey per nucleon, Ey, = 
= 8547 MeV/nucleon 
Binding Energy Curve 
Iris a plot of the binding energy per nucleon £,,, versus the 
mass number A for a large number of nuclei. 
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Binding energy per nucleon as @ function of mass number 


The following are the features of the plot 

(ji) Average BE/nucleon for lighter nuclei; like :H', ,H?, 
1H? is small. 

(i) For mass numbers ranging from 2 to 20, there are 
sharply defined peaks corresponding to ,He*, ,C”, 
0!%, etc. The peaks indicate that these nuclei are 
relatively more stable than the other nuclei in their 
neighbourhood. 

(iii) The BE curve has a broad maximum peak in the 
range A=30 to A=120, which is practically 
constant corresponding to average binding energy 
per nucleon is 8.8 MeV per nucleon for ,.Fe'®. 


(iv) As, the mass number increases, the BE/nucleon 
decreases gradually falling to about 7.6 MeV per 
nucleon for 4;U"8. The decrease may be due to 
Coulomb repulsion between the protons. The heavy 
nuclei are therefore, relatively less stable. 


Conclusions 
Following conclusions are obtained from the graph 
() A very heavy nucleus A=240 has lower Eig 
compared to that of a nucleus with A = 120. Thus, if 
a nucleus A=240 breaks into wo A =120 nuclei, 
nucleons get more tightly bound. Energy would be 
released in this process (nuclear fission). 
(ii) When nwo light nuclei (A$ 10) join to forma heavier 
nucleus, F,,, of fused heavier nuclei is more than the 


Eyy of lighter nuclei, Energy would be released in this 
process (nuclear fusion), 


Note This topic has been frequently asked i i 14, 
2013,2012, 2011, 2010. ss TS Re eee 


Nad 


qicLEAR STABILITY 


} ably of a nucleus is determined by the value of its 
Coes energy pet nucleon, Higher the binding energy of 
si more stable is the nucleus, The stability of nucleus 
i determined by its neutron to proton ratio, A plot of 
er f reucrons and number of protons is showri in the 

blow. The solid line shows the nuclei with equal 
abet of protons and neutrons, Only light nuclei are on 
line, Le» they are stable, if they contain approximately 
one somber of protons and neutrons, 


Number of neutrons (N) 
a 
3 
I 


010 20 30 40 50 60 70 80 90 
Number of protons (Z) —— 


Graphical representation of number of 
neutrons versus number of protons 


Mary nucle are stable only when they have more neutrons 

n protons, 

at harrow region shown in the a 

in ae cluster of short lines representing, stable nucle! 
to as the valley of stability. 

‘imental study shows that the more stable nuclei 

"= even number of protons or neutrons oF both. 


NUCLEAR FORCE 


tom hs 

te binding energy curve, we have seen that for average 

‘to Nuclei, the binding energy Pet nucleon is 

dng ey 8MeV, which is much larger than the 
ho “egy in atoms. Thus, for binding hee 

tthe ; 

iene rg must be a strong attractive force of a totally 
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The force must be strong enough to overcome the repulsion 
between protons and to bind both prorons and neutrons 
into tiny nuclear volume. The constancy of binding energy 
per nucleon is a consequence of the fact that nuclear force is 
short-ranged. 


From the plot, it is concluded that potential energy is 
minimum at a distance ry(= 0.8 fm) which means, the force 
is attractive for distances larger than 0.8 fm and repulsive 
for the distances less than 0.8 fm between nucleons. 
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Graphical representation of potential energy versus 

distance for a pair of nucleon. For a distance greater 

than 1, the force is attractive and for distances less 
than ry, the force is strongly repulsive 


Some of the important characteristics of these forces are as 
given below: 

(i) Nuclear forces among a pair of neutrons, a pair of 
protons and also benween a neutron-proton pair, is 
approximately the same. This shows that nuclear 
forces are independent of charge. 

(ii) The nuclear forces are very short range forces. They are 
operative upto distances of the order of a few fermi. 

(iii) The nuclear force is much stronger than the coulomb 
force acting between charges or gravitational forces 
berween masses. 

(iv) Nuclear force berween two nucleons falls rapidly co 
zero as their distance is more than a few femmtometres 
(fm). This leads co saturation of forces ina medium 
or large sized nucleus, ix. each nucleon interacts with 
its immediate neighbours only, rather than with all 
the other nucleons in the nucleus, 

(v) The nuclear forces are dependent on spin or angular 
momentum of nuclei. 


Note Nuclear forces are the strongest attractive forces between 
nucleons. Il is non-conservative force and doas not abey inverse 
square law. It is non-cantral force also. 
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TOPIC PRACTICE 1 | 


OBJECTIVE Type Questions 
1. Atomic mass unit (Lu) is 
(a) 1/12 of mass of *C atom 
(b) 1/14 of mass of *C atom 
(c) 142 of mass of “C atom 
(a) 1/6 0f mass of '*C atom 


2. Ratio of radius of an atom to the radius of its 
nucleus is around 
(a) 107 (b) 10* 
(c) 10" (d) 10°5 


3. The number of neutrons in a ,,Po”* nucleus is 
(a)84 (by 218 (c) 222 (a) 134 


As compared to °C atom, “C atom has 
(a) two extra protons and two extra electrons 
(b) two extra protons but no extra electrons 
(c) two extra neutrons and no extra electrons 
(d) two extra neutrons and two extra electrons 


5. Density of a nucleus is 
(a) more for lighter elements and less for heavier 
elements 
(b) more for heavier elements and less for lighter 
elements 
(c) very less compared to ordinary matter 
(d) a constant 


6. Energy equivalent of 2g of a substance is 
(a)18x10" mJ (b)18x10" J 
(c)9x10* mJ (d) 9x10" J 
Given, m (35Fe)= 55,934939 u and m (29° Bi) 
= 208,980388 u 

Mproton = 1.007825 U, Mrextron = 1.008665 u. 
Then, BE per nucleon of Fe 

(a). 8.790 MeV (b) 7.75 MeV 

(c) 7.5 MeV (d) Data insufficient 


8. Nature of nuclear force is 
(a) electrical 
(b) magnetic 
(c) gravitational 
(d) None of the above 


The gravitational force between a H-atom and 
another particle of mass m will be given by 


Newton's law F = G “, where ris in km, 
r NCERT Exemplar 
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(a) Gravitational mass of H-atom 
(b) Effective mass of H-atom 

(c) Nuclear mass of H-atom 

(d) Mass of electrons in H-atom 


Heavy stable nuclei have more neutrons than 
protons. This is because of the fact that 

NCERT Exemplar 
(a) neutrons are heavier than protons 
(b) electrostatic force between protons are repulsive 
(c) neutrons decay into protons through beta decay 
(d) nuclear forces between neutrons are weaker than 

that between protons 


VERY SHORT ANSWER Type Questions 


il. 


12. 


13. 


14, 


15. 


16 


Select the pairs of isotopes and isotones from 
the following nuclei. 

22, 
I 
Two nuclei have different number of protons 


and different number of neutrons. Can they 
have the same radii and same nuclear density? 


24 24 28 
Na. 
Nay MB. N19 


The isotope ‘80 has 8 protons, 8 neutrons and 
8 electrons, while §Be has 4 protons, 4 neutrons 
and 4 electrons. Yet the ratio of their atomic 
masses is not exactly 2. Why? 
He and {He nuclei have the same mass number. 
Do they have same binding energy? 

NCERT Exemplar 


Why do stable nuclei never have more protons 
than neutrons? NCERT Exemplar 


Which property of nuclear forces is responsible 
for constancy of E, per nucleon? Comment. 


SHORT ANSWER Type Questions 


17. 


18. 


19, 


From the relation R = RAY, where Risa 


constant and is the mass number of a nucleus, 
show that the nuclear matter density is nearly 
Constant (i.e. independent of A). NCERT 


Check whether the given statement is correct or 


incorrect, ifincorrect then correct it with proper 
explaination, 


The order of magnitude of density of nuclear 
matter is 104kg/m3, 


The mass of a nucleus is less than the sum of 


the masses of constituent neutrons and 
Protons. Comment. 


Nuclei 


20. If both the numbers of protons and neutrons 
are conserved in a nuclear reaction like 


pcr t—C%— jgNe” +,He* 


In what way is the mass converted into energy? 
Explain. Delhi 2010 


2. Draw a plot of potential energy between a pair 
of nucleons as a function of their separation, 
Mark the regions where potential energy is 

(i) positive and (ii) negative. Delhi 2013 


22. Explain the processes of nuclear fission and 
nuclear fusion by using the plot of binding 


energy per nucleon (BE/A) versus the mass 
number A, CBSE 2018 


23. Proton and neutron exist together in an 
extremely small space within the nucleus. How is 
this possible, when protons repel each other? 


24. Why heavy stable nucleus must contain more 
neutrons than protons? 


LONG ANSWER Type I Questions 


25. (i) Write three characteristic properties of 
nuclear force. 
(ii) Draw a plot of potential energy of a pair of 
nucleons as a function of their separation. 
Write two important conclusions that can be 
drawn from the graph. Delhi 2015 


26. Answer the following. 


() Why is the binding energy per nucleon 
found to be constant for nuclei in the range 
of mass number (A) lying between 30 and 
170? 

(ii) When a heavy nucleus with mass number 
A=240 breaks into two nuclei, A =120, energy 
is released in the process. Foreign 2012 


27. 


In the study of Geiger-Marsdon experiment on 
Scattering of a-particles by a thin foil of gold, 
draw the trajectory of a-particles in the Coulomb 
field of target nucleus. Explain briefly how one 
gets the information on the size of the nucleus 
from this study. From the relation R = R,A'?, 
Where R, is constant and Ais the mass number 


of the nucleus, show that nuclear matter density 
1s independent of A. All India 2015 


Nuclei with magic number of protons 
Z=2,8,20, 28, 50, 52. and magic number of 
neutrons N = 2, 8, 20, 28, 50, 82 and 126 are 
found to be very stable, 


& 
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(i) Verify this by calculating the proton 
separation energyS, for "Sn (Z = 50)and 
1218b (Z = 61), The proton separation energy 
for a nuclide is the minimum energy 
required to separate the least tightly bound 
proton from a nucleus of that nuclide. It is 
given by 

$= (Mzin +My ~Mzy)c 
Given," In= 118.9058 u, "°Sn = 119.902199 u 
"Sb = 120.903824 u, 
"H= 10078252 u 

(ii) What does the existence of magic number 

indicate? NCERT Exemplar 
29. Deuteron is a bound state of a neutron 

and a proton with a binding energy B = 22 MeV. 

A y-ray of energy E is aimed at a deuteron 

nucleus to try to break it into a (neutron + 

proton) such that then and p move in the 

direction of the incident y-ray. If E = B, show 
that this cannot happen. Hence, calculate how 
much bigger than B must be E be for sucha 
process to happen? NCERT Exemplar 


NUMERICAL PROBLEMS 


30. Obtain approximately the ratio of the nuclear 
radii of the gold isotope '% Au and the silver 


isotope ‘7 Ag. NCERT 


31. Calculate the energy equivalent of 2 g of 
substance. 


32. Calculate the energy in fusion reaction 
7H +{H—> 3He+n, where BE of 7H = 2.23 MeV 


and of $He= 7.73 MeV, Delhi 2016 


33. Determine the nuclear radii of 
(i) $00 
(ii) 87 Au. 
34. Aheavy nucleus X of mass number 240 and 
binding energy per nucleon 7.6 MeV is splitted, 
into two fragments Y and Z of mass numbers 110 
and130. The binding energy of nucleons inY and 
Z is8.5MeV per nucleon. Calculate the energy 
released per fission in MeV. Delhi 2010 


35. Obtain the binding energy (in MeV) of a 
nitrogen nucleus (}‘N), given 


m (HN) = 14.00307u. 


NCERT 
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36, 


37. 


38. 


39. 


4. 


The neutron separation energy is defined as the 
energy required to remove a neutron from the 
nucleus. Obtain the neutron separation 
energies of the nuclei 3}Ca and Al from the 
following data : 


m(33Ca) = 39.962591 u 
m(34Ca) = 40.962278 u 
m(js Al) = 25.986895 u 


m(jy Al) = 26.981541 u NCERT 


Anuclide 1 is said to be the mirror isobar of 
nuclide 2, if Z, = N, and Z, = Ny. 
(i) What nuclide is a mirror isobar of ?3Na? 
(ii) Which nuclide out of the two mirror isobars 
have greater binding energy and why? 
NCERT 
(i) Two stable isotopes of lithium $Li and Li 
have respective abundances of 7.5% and 
92.5%. These isotopes have masses 6,01512u 


and 7.01600 u respectively. Find the atomic 
mass of lithium. 


(ii) Boron has two stable isotopes !°B and !B. 


Their respective masses are 10.01294 u and 
11.0093] u, and the atomic mass of boron is 
10.811 u. Find the abundances of !°B and #'B. 


NCERT 
In a periodic table, the average atomic mass of 
magnesium is given as 24.312 u. The average 


value is based on their relative natural 
abundance on the earth. 


The three isotopes and their masses are 

i2 Mg (23.98504 u), ? Mg (2498584 u) and 
7: Mg(25.98259 u). The natural abundance of 
i Mg is 78.99% by mass, Calculate the 


abundances of other two isotopes. NCERT 


The three stable isotopes of neon jyNe, Ne 
and {Ne have respective abundances of 90.51%, 


0.27% and 9.22%. The atomic masses of three 
isotopes are 19.99 u, 20.99 u and 21.99 u, 
respectively. Obtain the average atomic mass of 
neon. NCERT 


(i) What is the nuclear density of 3Th 7 


(ii) Is the nuclear density of an a-particle ({He) 


to be greater than, less than or equal to 
30°Th ? Explain. 
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(itl) Determine the nuclear density of an 


o-particle. NCERT 


42. Obtain the binding energy of the nuclei %Fe ang 


20°Bi in units of MeV from the following data: 
m (8Fe) = 55.934939 u 


m (3°Bi) = 208980388 u NCERT 


| HINTS AND SOLUTIONS 


1. (a) Atomic mass unit (1.u) is defined as 
mass of "C atom 
12 
2. (b) Radius of atom = 10 
Radius of nucleus = 10°" 
Radius of atom _ wry ‘s 
Radius of nucleus 107 
3. (d) Given, ,,Po""® 
Here, Z = 84, A= 218, A=Z+N 
N=A~-Z = 218-84 =134 
4. (c) For PG A=12=N4+Z,Z=6 = N=6 
For {CG A=M=N+Z,Z2=6 = N=s 


tus 


10 


Also, number of electrons in both atoms 
= number of protons = Z =6 
5. (d) Density = Mass _ mA 
Volume 4 7 


= 23x10" kgm™, which is a constant. 
6. (b) Energy, E = 2x107 x(3x10°)? J 


«10 x 9x10!" 
= 18x10" J 
Thus, if one gram of matter is converted to energy, there 
isa release of enormous amount of energy, 
T. (a) % Fe nucleus has 26 protons and 30 neutrons. 
Mass defect = (26m, +30 m,)— mC Fe) 
= 5646340 ~ §5,934939 = ¢ 
Total BE = 0.528461 x 941.5 = 492.26 MeV 


“. Binding energy per nucleon 
192.26 
=——= 8,790 v 
Fr 790 MeV 
(d) Nuclear force is an e 
under electrical, 
category. 


28461 amu 


oo 


xchange force, it does not come 
@tavitational or magnetic force 


Nuclei 


GMm 

P 
M = effective mass of hydrogen atom 
G = gravitational constant 


9. (b) Given, F = 


and r= distance between H-atom and particle of mass m 


10. (b) Stable heavy nuclei have more neutrons than 
protons, This is because electrostatic force between 
protons is repulsive , which may reduce stability, 

fl. Isotopes = 7Na, {Na 


(both have same atomic number, i.e. 11) 


Isotones = Na, jgNa 
(both have same number of neutrons, ic. 13) 

12. Since, radius of nucleus (i.e. = RA") is proportional 
to the cube root of its mass number, hence nuclei will 
have same radii, if their mass numbers are same. But 
nuclear density is independent on mass number. It 
remains constant for all nuclei, ic. 23 x 10” kg/m’, 


13. It is because of the fact that the mass of a nucleus is 
slightly less than the mass of it's constituent nucleons, 
This decrease in mass is called mass defect. Since, the 
mass defect in case of {'O is not exactly twice the mass 


defect in case of § Be, so the ratio of the atomic masses is 
not exactly. 


. Since, the repulsive force between protons is missing in 
i He, so the binding energy of He is greater than that 
of }He. 

15, 


Because the protons are positively charged, so they 
repel each other. Since, this repulsion force is more, so 


that an excess of neutrons are required to reduce this 
Tepulsion, 


. Nuclear forces are saturated in character. This property 
makes E, per nucleon constant for most of the nuclei, 
V7, 


Refer to text on page 502 
18, 


Given statement is incorrect because the order of 
Magnitude of density of nuclear matter is the order of 
10” kg/m?, 


- When nucleons approach each other to form a nucleus, 
they strongly attract each other. Their potential energy 
decreases and becomes negative. It is the potential 
energy which holds the nucleons together in the 
Nucleus. The decrease in PE results in the mass of 
nucleons inside the nucleons. 


20, 


The sum of masses of nuclei of product element is less 
than sum of masses of reactants and hence, loss of mass 
takes place during the reaction. This difference of mass 
of product element and reactant converts into energy 
and liberated in the form of heat. 

Here, sum of masses of Ne”? and ,He* is less than the 


Sum of two ,C"? and conversion of this mass defect is 
used to produce energy. 
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21. The graph between the potential energy of a pair of 
nucleons as a function of their separation is given below 


— PE (MeV) 


(i) For distance less than 0.8 fm, negative PE decreases to 
zero and then becomes positive. 

(ii) For distances larger than 0.8 fm, negative PE goes on 
decreasing. 

22. From the given plot, we can conclude that, 

avery heavy nucleus A = 240 has lower E,, compared to 

that of a nucleus with A =120. Thus, if a nucleus A= 240 

breaks into two A =120 nuclei, nucleons get more 

tightly bound, Energy would be released in this process 

which is known as nuclear fission. 
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Binding energy per nucleon as a function 
of mass number 


Also, when two light nuclei (A $ 10) join to form a 
heavier nucleus, E,,, of fused heavier nuclei is more than 
the E,, of lighter nuclei, Energy would be released in 
this process, which is known as nuclear fusion. 
23. Refer to the text on page 505. 
24. Refer to the text on page 505. 
25. Refer to text on page 505. 
| ae A 
26. (i) The binding energy per nucleon for nucleus of range, 
30< A<170 is close to its maximum value, So, the 
nucleus belongs to this region is highly stable and does 
not show radioactivity. seul Gana 
ii) Binding energy per nucleon is smaller for heavier 
° nuclei than the middle ones, i, heavier nuclei are less 
stable, When a heavier nucleus such as nucleus of 
mass number 240 splits into lighter nuclei (mass 
number 120), the BE/nucleon changes from about 
7.6 MeV to 8.4 MeV. Greater BE of the product nuclei 
result in the liberation of energy. 
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27. Trajectory of a-particles in the coulomb field of target 
nucleus is shown below: 


From this experiment, the following points are 
observed. 

(i) Most of the a-particles pass straight through the gold 
foil. It means that they do not suffer any collision with 
gold atoms. 

(ii) About one o-particle in every 8000 G-particles 
deflects by more than 90°. As most of the a-particles 
go undeflected and only a few get deflected, this 
shows that most of the space in an atom is empty and 
at the centre of the atom, there exists a nucleus. By 
the number of a-particles get deflected, the 
information regarding size of the nucleus can be 
known. 

Refer to text on page 502, 
28. (i) The proton separation energy is given by 
S50) = (Muro, 20 + Mv ~ Mazo, roe 


= (118.9058 + 1.0078252— 119,902199) c? 
= 0.0114262¢7 
Similarly, $, (gy) =(Mizo, 0 + My ~ Mini, 0) 7 


= (119,902199 +1.0078252-120.903822) c? 


= 0.006202 c? 
Since, S, (55) > 5, isu. Sn nucleus is more stable than 
Sb nucleus. 

(ii) The existence of magic numbers indicates that the 
shell structure of nucleus is similar to the shell 
structure of an atom. This also explains the peaks in 
binding energy/nucleon curve. 

29. Apply conservation of energy as well as conservation of 
momentum. 

Given, binding energy, B= 22 MeV 

From the energy conservation law, 


2 of 
Pr, Pp 
E-B=K,+K,=!0 +2 Ai) 
° i (i) 
From conservation of momentum, 
E mm 
Pr + Pp = ] wii) 


As, E=8 


30. 


31. 


82. 


33. 
34. 
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Eq.(i) becomes, py + pp =0 
Itonly happen, if p, = Py =9 
So, the Eq.(ii) cannot be satisfied and the process cannot 


take place. 
Let E = B + X, where X << B for the process to take place, 


Put the value of p, from Eq. (ii) in Eq, (i), we get 


E-n) 
ake 7) Po 


2m 2m 
2Ep, 


2 
+=_- amx-=0 
Fa 


Using the formula of quadratic equation, we get 
26 4 AE! _ 9 (EP ams} 

c ce c 
Pp= 1 


For the real value p,, the determinant is positive 


Radius of nuclei, R= R,A'* 
where, A is the mass number of nucleus and Ry is an 
empirical constant. 

Re Al? 


ws Reora 


Raver \Adtver 


Given,m = 2g = 2x10" kg 


13 fgg? 
= 7) = 1,225 = 1.23 
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According to mass-energy equivalence equation, 
E=me*= 2x10 x(3x10°)? 

= 18x10°=1.8x10"J 

According to question, 
TH+}H> }He+ gn! 
+. Energy of fusion = Binding energy of [He 
~ 2x Binding energy of |H 
= 7.73 — 2X 2.23= 3.27 MeV 

Refer to the Example 2 on page 502. 


In these type of questions, we have to keep in mind 
about the difference of tnass involved between output 
and input. Energy will be involved accordingly. 
Energy released per fission 

= (110+ 130) 8.5 MeV— 240 7,6 MeV 

= 240x (8.5 - 7.6) MeV 

= 240x 0.9 = 216 MeV 


Nuclei 


35. Mass of proton, m, = 1.00783 u 


Mass of neutron, m, = 1.00867 u 
InN, there are 7 protons and 7 neutrons. 
z. Mass defect, Am =(7m, +7m,)—-m 
= 7x1.00783 +7 x 1.00867 —14.00307 = 0.11243 u 
Binding energy of nitrogen nucleus = Am X931McV 
= 0.11243 931MeV = 104.67 MeV 
36. (i) When a neutron is separated from 3;Ca, we are left 
with {Ca and the reaction becomes 
Ca —3 3)Ca+ gn! 
Mass defect, 
Am =m (33Ca)+ m{ gn’) =m $Ca) 
39962591 + 1008665 — 40962278 
0.008978 u 
Energy for separation of neutron = Am x 931 


= 0008978 x 931 
= 8.358 MeV 


(ii) When a neutron is separated from j Al, we are left 


with /* Al. Thus, the reaction becomes 
HAL —> jPAl+ gn 
Mass defect, Am = m (3 Al) + m( gn’) — m( ZAl) 
= 25.986895 + 1.008665 — 26.981541 
= 0.014019 
+. Energy for separation of neutron 


= Am x 931 = 0.014019 x 931 
= 13.06 MeV 


37. (i) According to the question, a nuclide 1 is said to be 
mirror isobar of nuclide 2, if Z,; = Nz and Z, = Nj. 
Now, in #}Na, Z, =11,N, =23-11=12 
+: Mirror isobar of #Na is Mg, for which 
Z,=12 =N, and N, =23-12=11=Z, 

(ii) As, 2Mg contains even number of protons (12) 
against }?Na which has odd number of protons (11), 
therefore 7?Mg has greater binding energy than 
ita. 

38. (i) Atomic mass of Li = Weighted average of the isotopes 
75x 6,01512+ 92.5X 7.01600 
75+ 92.5 
451134 + 64898 _ 
100 ? 
(ii) Suppose x and y are the abundances of ;°B and ;'B, 
respectively. 
Atomic mass of boron 
= Weighted average of the isotopes 
_ xx1001294 + yx1100931 
a 100 


694u 


Sil 


x 1001294 + (100- x) 11.00931 
100 
[ey =(100-)] 
=> 10811 = 1001294x + 1100931 —11.00931x 
=) 099637x = 19831 => x =1990 
y=(100- x)= 80.1 
So, abundance percent }°B = 19.90% 


=> 10811= 


Abundance percent of {1B = 80.1% 
39. Given, atomic mass of Mg= 24.312 u 
Mass of 4 Mg= 23.9850 u 
Mass of [; Mg= 24.98584 u 
Mass of [7 Mg= 25.98259 u 
Abundance of } Mg= 78.99% 
Let the abundance of # Mg be x %. 
The abundance of {$Mg= 100-78.99- x = (21.01—x)% 


Atomic mass = Weight average of masses 
_ Abundance of the isotopes 
Total abundance 


78.99 X23.98504 + x x 24,98548 
+ (21.01 —x) x25.98259 


100 


=> = 24312= 


=> x =9,303% 
So, the abundance of , Mg” is 9.303% and the abundance 
of ;,Mg’ is 11,71%. 
AO. Given, abundance per cent of Ne = 90.51% 
Abundance per cent of Ne* = 0.27% 
Abundance per cent of Ne* = 9.22% 
Mass of Ne” =19.99 u 
Mass of Ne” = 20.99 u 
Mass of Ne* = 21.99 u 
Average atomic mass, m = Weighted average of all 
isotopes 
90.51 19.99 + 0.27 x 20,99-+9.22 x 21.99 
. 90.51+0.27 +9.22 
1809.29 + 5.67 + 202.75 _ 2017.71 
ms 100 “100 


41. (i) We know that, 
Sm SK 16X10 ig 
3 


= 20.18 


= 23x 10! kg/m?* 


(ii) Nuclear density (p) is independent on mass number, 
hence nuclear density of a-particle (; He) and thorium 


(2! Th) is equal to each other. 
(iii) For a-particle, also nuclear density is equal to 
23x 10” kg/m’, as explained earlier. 
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42. Given, m, =1.00783 um, =1,00867 u 


(i) For 3Fe, there are 26 protons and (56-26) = 30 
neutrons. 
Am = mass of nucleons ~ mass of nucleus 
26m, + 30m, —m 
= 26X 1.00783 + 30% 1.00867 —55.934939 
= 05287410 
Total binding energy = Am x931 MeV 
= 0528741 x 931 = 49226 MeV 
Binding energy per nucleon 
Binding energy 
~ Number of nucleons 


= =e = 8790 MeV 


TOPIC 2| 
Nuclear Energy 


NUCLEAR ENERGY 


Nuclear energy is the energy released during the 
transformation of nuclei with less total binding energy to 
nuclei with greater binding energy. 

Two distinct ways of obtaining energy from nucleus are as 
follows: 


1. Nuclear fission 2. Nuclear fusion 


Nuclear Fission 
Nuclear fission is the phenomenon of splitting of a heavy 
nucleus (usually A> 230) into two or more lighter nuclei by 
the bombardment of proton, neutron, o.-particle, etc. 
Energies associated with nuclear processes are about a 
million times larger than chemical process. 
In fission, a heavy nucleus like 33° U breaks into two smaller 
fragments by the bombardment of thermal neutron (low 
energy or slow moving). 
eg. 5p U+ yn— 3f'Bat 2Kr+3qn' +Q 

(Energy released) 
Qvalue here refer to the energy released in the nuclear process, 
which can be determined using Einstein’s mass - energy 
relation, F = mc*. The Q-value is equal co the difference of 
mass of products and reactants multiplied by square of velocity 
of light. Energy released per fission of 53° U is 200.4 MeV. 


The fragment nuclei produced in fission are highly unstable, 
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(ii) For 2” Bi there are 83 protons and (209-83) = 196 


neutrons. 
Am = mass of nucleons — mass of nucleus 


3m, + 126m, —m 
Am = 83% 1.00783 + 126 X 1.00867 ~ 208980388 
761922 0 

Binding energy = Am x931 MeV 

= 1.761922 931 

= 1640.35 MeV 


Binding energy per nucleon 


~ Number of nucleons 


= 164038 _ 7848 MeV 
19 


‘Thus, binding energy per nucleon of Fe is more 
than Bi. 


They are highly radioactive and emit P-particles in 
succession until each reaches to a stable end product. 


Nuclear Chain Reaction 

In the nuclear fission reaction, there is a release of extra 
he extra neutrons in turn initiate fission process, 
producing still more neutrons and so on, Thus, a chain of 
nuclear fission is set up called nuclear chain reaction. The 
chain reactions may be of two types: 


Uncontrolled Chain Reaction During fission reaction, 
neutrons released are again absorbed by the fissile isovopes, 
the cycle repeats to give a chain reaction, ie. elf-sustaining 
and gives off energy at a rate that increases rapidly with time 
leading to large amount of radiation, This is called 
uncontrolled chain reaction, 

Controlled Chain Reaction If by some means, the reaction 
is controlled in such a way that only one of the neutrons 
emitted in a fission causes another fission, then the fission 
Eve remains constant and the energy is released steadily. 


Such a chain reaction is called a controlled chain reaction. It 
is used in a nuclear reactor, 


The sustained fissibility of nuclear chain reaction depends 
on the multiplication factor or reproduction factor K. 
Kz Rate of production of neutrons 
Rate of loss of neutrons 
=| the operation of reactor is said to be critical. Ie i 


what we wish to be for steady power operation. 


fk 


Nuclei 


if K> 1, the reaction rate and reactor power increases 

onentially, In this case, reaction is super-critical and can 
even explode. IfK <1, the reaction gradually stops. And the 
condition is called sub-critical. 


Nuclear Reactor 

ris a device thar can initiate a self-sustaining controlled 
dain reaction of a fissionable material. They are used at 
juelear power plants for generating electricity and in 
propulsion of ships. 


Control rods Coolant ‘Superheated steam 
sic 
Electric 
generator 
exchanger 
‘Water 
condenser lee 
steam 
Fission Fuel | 
chamber fods 
Moderator 
Pump: Cold water 


Nuclear reactor 


Construction 
The key components of nuclear reactor are as follows: 

(i) Nuclear fuel It is a marerial that can be burned by 
nuclear fission or fusion to derive nuclear energy. 
The common fuels used in nuclear reactor are > U, 
U2 Pu, etc. 

(ii) Nuclear reactor core It is the portion of a nuclear 
reactor containing the nuclear fuel components 
where the nuclear reaction takes place. 

(iii) Moderator It is a medium to slow down the fast 
moving secondary neutrons produced during the 
fission. Heavy water, graphite, deuterium, paraffins, 
€tc., acts as moderator. 

(iv) Control rods It is used in nuclear reactors to control 
the rate of fission of uranium and plutonium. These 
are made of chemical elements capable of absorbing 
many neutrons without fissioning themselves such as 
silver, indium, boron and cadmium. 

(¥) Coolant Ir is a liquid used to remove heat from 
nuclear reactor core and transfer it to electrical 
generator and environment. Ordinary water under 
high pressure is used as coolant. 

(vi) Shielding It is the protective covering made of 
concrete wall to protect from harmful radiations. 
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India’s Atomic Energy Programme 

The Atomic Energy Programme of our country was 
launched. around 1950 under the leadership of Homi 
J Bhabha (1909-1966). The major milestones achieved so 
far are as below: 

(i) First nuclear reactor named Apsara went critical on 
4 August, 1956, It used enriched uranium as fuel and 
water as moderator. 

(ii) Another reactor named Canada India Research US 
(CIRUS) became operative in 1960. It used natural 
uranium as fuel and heavy water as moderator. 

(iii) Indigenous design and construction of plutonium 
plant at Trombay. It ushered in the technology of 
fuel reprocessing. 

(iv) Research reactors like Zerlina, Purnima, Dhruva and 
Kamini were commissioned. The last one uses U-233 
as fuel. 

(v) The fast breeder reactors which use plutonium-239 as 
fuel do not need moderators. They can be used to 
produce fissile uranium-233 from thorium-232 and 
to build power reactors based on them. Considerable 
work has been done by our scientists in this direction 
at Kalpakkam nuclear plant. 

(vi) We have mastered the complex technologies of 
mineral exploration, mining, fuel fabrication, heavy 
water production, fuel reprocessing, etc. 


Nuclear Fusion 

Nuclear fusion is the phenomenon of fusing qwo or more 
lighter nuclei forming a single heavy nucleus.For fusion to 
take place, the nwo nuclei must come close enough so thar, 
attractive short range nuclear force is able to aftect them. 
Since both the nuclei are positively charged particles, so 
they experience Coulomb's repulsion. Therefore, they must 
have enough energy to overcome this Coulomb barrier. 


eg. jH'+ H! —> |H? +e" +v-+0.42 MeV 

jH? + |H? —> aH? + gt! +3.27 MeV 

jH? + |H? —> ,H? + |H! +403 MeV 

Fusion of hydrogen nuclei into helium nuclei is the source 
of energy of most of the stars including the sun. 


Energy Generation in Stars 

Thermonuclear fusion is the source of energy output in the 
interior of stars. The interior of the sun has a temperature of 
15X107K, which is considerably less than the estimated 
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temperature required for fusion of particles of average 
energy. Fusion in the sun involves protons whose energies 
are much above the average energy, ise. protons which are in 
the high velocity fall of Maxwell-Boltzmann distribution. 
The fusion reaction in the sun is a multi-step process in 
which the hydrogen is fused into” helium. The 
Proton-proton (p,p) cycle by which this occurs is 
represented by the following sets of reactions: 


tH+}H + fH+e*+v+0.42 MeV (i) 
et te” > y+ y+1.02 MeV wii) 
TH+ H > 3He+ y+5.49 MeV (iti) 


3He+ 3He > $Het 1H+!H+ 12.86 MeV ..u.liv) 


For the fourth reaction to occur, the first three reactions 

must occur nwice, in case two light helium nuclei unite to 

form ordinary helium nucleus. If we consider the 

combination 2(i)+ 2(ii)+ 2(iii) + (iv), the net effect is 
4}H+2¢° > $Het+2v+6y+26.7 MeV 

or (4}H+4e7)  (SHet 207) + 2V +4 6y + 26.7 MeV 


Thus, four hydrogen atoms combine to form }He atom 
with a release of 26.7 MeV of energy. 

As the hydrogen in the core gets depleted and becomes 
helium, the core starts to cool. The star begins to collapse 
under its own gravity, which increases the temperature of 
the core. 

The age of the sun is about 5 x 10° yr and ir is estimated that 
there is enough hydrogen in the sun to keep it going for 
another 5 billion years. 


Nuclear Holocaust 

It is the name given to large scale destruction and 
devastation that would be caused by the use of nuclear 
weapons. 

During fission of a single riucleus of 4,U?*, about 


09 x 235 MeV (= 200 MeV) energy is released in 107 s, If 


each nucleus of abour 50 kg of ”° U undergoes fission, then 


the total energy released is 4x 10'J. This energy is 
equivalent to abour 20000 tonnes of TNT. 

The first explosion occured on Gth August, 1945, when 
USA dropped an atom bomb on Hiroshima in Japan. This 
resulted in killing of 66000 persons, injured 69000 persons 
and 67% of the city structures smashed. 

The radioactive waste will hang like a cloud in che earth's 
atmosphere. It will absorb the sun’s radiation and there may 
be a long nuclear winter. 
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Controlled Thermonuclear Fusion 


‘The essential condition for carrying out nuclear fusion isto 
raise the temperature of the material so that particles have 
enough energy due to their thermal motions alone and 
they can overcome the Coulomb barrier. This process js 
called thermonuclear fusion. 

‘The natural thermonuclear fusion in a stars replicated ina 
thermonuclear fusion device. The aim of controlled 
thermonuclear fusion is to generate the steady power by 
heating the nuclear fuel to a temperature in the range of 10 
*K. Ath 
ions and electrons (plasma). 


e remperature, the fuel is a mixture of positive 


The challenge is to confine this plasma, since no container 
can stand such a high temperature. Several countries 
around the world including india are developing 
techniques in this connection. If successful, fusion reactors 
will hopefully supply almost unlimited power to humanity. 


Distinction between Nuclear Fission 
and Nuclear Fusion 


(i) Fission is the splitting of large nucleus into two or 
more smaller ones, on the other hand, fusion is the 
combining of two or more lighter nuclei co form 
larget one. 

(ii) Fission does not normally occur in nature but fusion 
occurs in stars such as the sun, 

(ii) Fission requires critical mass of the substance and 
high speed neutrons but in fusion, high density and 
high temperature environment are required, 

(iv) In fission, energy released is million times greater 


than in chemical reactions, but lower than energy 
released by nuclear fusion. 


(v) Uranium is the primary 
and hydrogen isotopes 
nuclear fusion reaction, 


fuel for fission reaction 
are the primary fuel in 


TOPIC PRACTICE 2| 
OBJECTIY: 
1. 


E Type Questions 
Ina nuclear reaction 
Of Aand Z are 

(a) A= 234, Z =94 

(b) A= 238, 2 =94 

(c) A=234,7 =99 

() A=238 z= 99 


3°U— 27h +4He, the value 


Nuclei 


2, For sustaining the chain reaction in a sample 
(of small size) of 33°U, it is desirable to slow 
down fast neutrons by 
(a) friction 
(b) elastic damping/scattering 
(c) absorption 
(d) None of the above 


3, Inanuclear reactor , moderators slow down the 
neutrons which come out in a fission process, 
The moderator used have light nuclei. Heavy 
nuclei will not serve the purpose, because 
(a) they will break up NCERT Exemplar 


(b) elastic collision of neutrons with heavy nuclei will 
not slow them down 


(c) the net weight of the reactor would be unbearably 
high 

(d) substances with heavy nuclei do not occur in 
liquid or gascous state at room temperature 


VERY SHORT ANSWER Type Questions 
4, What is nuclear holocaust? 


5. Four nuclei of an element undergo fusion to 
form a heavier nucleus, with release of energy. 
Which of the two-the parent or the daughter 
nucleus—would have higher binding energy per 
nucleon? CBSE 2018 


SHORT ANSWER Type Question 


6. Anatomic power nuclear reactor can 
deliver 300 MW. The energy released due to 
fission of each nucleus of uranium atoms U”® is 
170 MeV. What will be the number of uranium 
atoms fissioned per hour? 


LONG ANSWER Type II Question 


ra Suppose India had a target of producing by 
2020 AD, 200000 MW of electric power, 10% of 
which was to be obtained from nuclear power 
plants. Suppose we are given that, on an average, 
the efficiency of utilisation (Le. conversion to 
electric energy) of thermal energy produced ina 
Teactor was 25%. How much amount of 
fissionable uranium would our country need per 
year by 2020? Take the heat energy per fission of 

Uto be about 200 MeV. NCERT 


NUMERICAL PROBLEMS 


8. Complete the following fission reaction and 
calculate the amount of energy it releases. 


2 
oh + BU —s 8857438 Xe4 (2) 


10. 


it 


Ss 


13, 
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, Determine the energy released in the following 


fusion reaction. 
{H+?H —> $He+y 


Suppose we think of fission of a S{Fenucleus 
into two equal fragments, 7AL Is the fission 
energetically possible? Argue by working out 0 
of the process. Given, m (33 Fe)= 55.93494 u and 
m(3 Al) = 27,98191 u. NCERT 


The sun is believed to be getting its energy from 
the fusion of four protons to form a helium 
nucleus and a pair of positrons. Calculate the 
release of energy per fusion in MeV. 

Mass of proton = 1.007825 amu, mass of 
Positron = 0.000549 amu, mass of helium 
nucleus = 4.002603 amu. 


Take, 1 aniu=931.5 MeV. 


The fission properties of 23°Pu are very similar 
to those of ¢;°U. The average energy released 
per fission is 180 MeV. How much energy in 
MeV is released, if all the atoms in 1 kg of pure 


or Pu undergo fission? NCERT 
The Q-value of a nuclear reaction 

A+b—+C +dis defined by 

Q=[m, +m, -m, -m,]c?, where the masses 
refer to the respective nuclei. Determine from 
the given data, the Q-value of the following 
reactions and state whether the reactions are 
exothermic or endothermic. 


(i) }H+7H— 7H+3H 

(ii) PC+2C— fNe+ sHe 

Atomic masses are given to be 
m(H') = 1.007825 u, m(?H) = 2.014102 u, 
m(}H)= 3.016049 u, m(2C)= 12.000000 u 


m({gNe) = 19.992439 u NCERT 


. Find the Q-value and the kinetic energy of the 


emitted «-particle in the a-decay of 

(i) #5Ra and (ii) 2°Rn. 

Given, m (ZeRa) = 226.02540 u, 
m(32Rn) = 222.01750 u,m, = 4.00260 u 
m(22Rn)= 220.0137, 


26D) = 
m(4Po)=216.00189 u NCERT 
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15. How long can an electric lamp of 100 W be kept 
glowing by fusion of 2 kg of deuterium? Take 
the fusion reaction as CBSE SQP (Term-II) 


3H+7H —s3He+n+ 3.27 MeV 


16. Calculate and compare the energy released by 
(i) fusion of 1 kg of hydrogen deep within 
sun and 


(ii) the fission of 1 kg of **U in a fission reactor. 
NCERT 


17. Distinguish between nuclear fission and fusion. 
Show how in both these processes energy is 
released? 

Calculate the energy release in MeV in the 
deuterium-tritium fusion reaction. 
7H+3H —> fHe+n 
Using the data, 
m(7H)= 2.014102u,. m GH) = 3.016049 u 


m(jHe)= 4.002603 u, m, = 1.008665u 


1u=gais MeV 
c All India 2015 


18. 41000 MW fission reactor consumes half of its 
fuel in 5 yr. How much 3%°U did it contain 
initially? Assume that the reactor operates 80% 
of the time that all the energy generated arises 
from the fission of 23°U and that this nuclide is 


consumed only by the fission process. 


NCERT 


| HINTS AND SOLUTIONS | 


1. (c) BU HtTh +jHe 
When ac-particle is emitted mass number decreases by 
4 and atomic number by 2 

2. (b) Fast neutrons are slowed down by elastic scattering 
with light nuclei, Each collision takes away nearly 50% 
of energy. 

3. (b) According to the question, the moderator used have 


light nuclei (like proton). When protons undergo 
perfectly elastic collision with the neutron emitted, their 


velocities are exchanged, i.e., neutrons come to rest and 
protons move with the velocity of neutrons. 
Heavy nuclei will not serve the purpose because elastic 
collisions of neutrons with heavy nuclei will not slow 
them down. 

A. Itis the name given to large scale destruction and 
devastation that would be caused by the uncontrolled 
release of large energy from the nuclear weapons. 
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5. According to question, 
42x* > e¥" 4 
{Parent nucle!) (Daughter nucleus) 
As the daughter nucleus is a heavier nucleus as 
compared to parent nuclei, which are more stable than 


lighter nuclei, hence daughter nucleus has more binding 
energy per nucleon than parent nuclei. 


G. As, we know that, 

enersy _ 399 x 10°W= 3% 10° J/s 
time 

170 MeV = 170x 10° x 1.6x 10°"? = 27.2x 10"? J 


power = 


Number of atoms fissioned per second 
3x 10° _ 3x10" 


~ 27.2X 10 27.2 


‘+. Number of atoms fissioned per hour 
_ 3x10” x 3600 
Ri > 272 


= 3 R86 192 4 x 10%m 


7. Total target power = 200000=.2x10° MW 


Total nuclear power = 10% of total target power 


= 7) x ax10 = 2x10! MW 
100 


Energy produced/fission = 200 MeV 
Efficiency of power plant = 25% 
Energy converted into electrical energy per fission 


=5y 200= 50 MeV 
100 


= 501.610" J 
Total electrical energy to be produced per year 
= 2x10° MW 
= 2x10! x10° = 2x10" W 
= 2x10" I/s 
= 2x10" x60 60x 24 x 365 J/yr 
Number of fission in one year, 
_ 2X10" «60x 60x 24 x 365 


50x1L6x10-% 
8 


n 


x10" 


Mass of 6023 x10"*atoms of 8° U = 235 g 
= 235x103 ke 

Mass of 3° U required to produce 
= 2X36 24 x 365 
ain wae x10" atoms 

= 235105 x 2x36 x 24 x 365 x10" 

6.023 x10" x8 
= 3.08 x10'kg 


‘Thus, the mass of urani i 
sneak ie ium needed per year is 


Nuclei 


8, By conservation of charge and mass, given equation can 


10. 


12, 


13, 


be written as 
pnt @U —> Sr + f'Xe+12'n+ O (Energy) 
For amount of energy released, use 
Q=Amx931 MeV 
Use Q = Am x 931 MeV 
Ans. 5.94 MeV 
The given reaction for decay process, 
Fe — 23 Al 
Mass defect, Am = m(5,Fe) — 2m(28Al) 
= 5593494 — 2(27.98191) 
=-0.02888 u 
m 931 = -002888 x 931 
= -2688728 MeV 


Because the energy is negative, so the fission is not 
possible energetically. 


{H+} H+}H+) H+— $Het e+ Q 


Initial mass = Mass of 4 hydrogen atoms 

= 4 X 1.007825 amu = 4.031300 amu 
Final mass = m(}He) + 2m(°e) 

= 4.002604 + 2 x 0.000549 

= 4.002604 + 0.001098 = 4.003702 amu 
Mass defect, 

Am = 4.031300 — 4.003702 = 0027598 amu 

«Energy released, 

Q = 0.027598 x 931 MeV = 257 MeV 
According to the concept of Avogadro number, 
The number of atoms in 239 g of 33’ Pu = 6.023x10” 
Number of atoms in 1 kg of 3° Pu 


_ 6.02310" 1000 


52x10" 
239 
The average energy released in one fission 
= 180 MeV 


So, total energy released in fission of 1 kg of 
oa Pu = 180x 252x10"" 
= 453x10" MeV 
(i) The given reaction, 1H+}H—> 7H+}H 
Mass defect, Am =m (1H)+m (7H)—2m (7H) 
= 1.007825 + 3.016049 — 2(2.014102) 
=— 0,00433 u 
Q-value of the reaction, 
Q = Am x 931 =— 0,00433931 
Q=-4.031 MeV 


As, the energy is negative, so the reaction is 
endothermic. 


(ii) The given reaction, 


6 C+2C—s 2 Ne+ tHe 


Mass defect, Am = 2 m(\?C)—m(? Ne)— m($He) 
= 2X12— 19.992439— 4.002603 
Am = 0.00495 u 
Q-value of the reaction, 
Q=Am-x 931= 0,00495 x 931 
= 462MeV 


Since, the energy is positive, thus the reaction is 
exothermic. 
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14. (ji) The process of w-decay of 22*Ra can be expressed as, 


Ra —> 2 Rn + fHe+Q 
Q-value of the reaction is given by 
8 
= [m(7sp Ra) ~ (755 Rn) — m,] x 931 MeV 


= (226.02540 -222.01750 — 4.00260) x 931 


= 0.0053 931 = 4.93 MeV 


Kinetic energy of emitted a-particle computed using 


conservation of momentum 


-(*)0- (Fee 
A 226 
= 4.84 MeV 
(ii) The process of @-decay of 2° 
*eRn—> Po + tHe 
Q-value of the reaction, 
Q = [m(5 Rn - m(215 Po) — mg] x931 MeV 
= [220.01137 - 216.0189 — 4.00260] 931 
41 MeV 
«. Kinetic energy of emitted o-particle 
ya Chet -(2) x64l 
A 220 
= 6.29 MeV 
15. Let t be the time. 
According to the Avogadro number concept, 
Number of atoms in 2 g of deuterium = 6023x107 
Number of atoms in 2 kg of deuterium 
_ 602310" x 2x10° 
ar taal 
= 6023x10"* nuclei 
Energy released during fusion of two deuterium 
= 327 MeV 


-. Energy released per deuterium = 1635 MeV 
Energy released in 602310" deuterium atoms 
= 1.635 x 6.02310 
= 9.84810" MeV 
= 9,848x10" x1.6x10 
= 15.75x10" J 


Energy used by bulb in Is = 100) 
100 J energy used in time = 1s 


s6 Rn can be expressed as, 
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1x15.75x10" 
100 
= 15,75X10''s [1 yr = 60x 24 X 60365 5] 
15.7510" 
60% 24 X60X365, 
Thus, the bulb glows for 4.9910" yr, 
16. (i) In sun, four hydrogen nuclei fuse to form a helium 
nucleus with release of 26 MeV energy. 
“21 g of hydrogen contains = 6023 x10" nuclei 
+ Energy released by fusion of 1 kg (=1000 g) of 
hydrogen, E, = sno x 26 10° 
=39x10% MeV 
Gi) Energy released in one fission of 33°U nucleus 
= 200 MeV 
Mass of uranium =1 kg = 1000 g 
We know that, 235 g of *5U has 6.02310" atoms or 
nuclei. 
-. Energy released in fission of 1 kg of U®, 


23 
E,= 6023 x 10° es 5.110" MeV 


157510" J energy used in time = 


yr =499%10'yr 


E, _ 39x10" 
£,  51x10% 
Thus, the energy released in fusion is § times the 
energy released in fission. 
17. Nuclear fission is the phenomenon of splitting of a 
heavy nucleus (usually A > 230) into two or more lighter 
nuclei. 


UGE +n —> Balt! + Kr? + 3nh +0 


=765=8 


In this case, the energy released per fission of U335 is 
200.4 MeV. : 

Nuclear fusion is the phenomenon of fusion of two of 
more lighter nuclei to form a single heavy nucleus, 

The mass of the product nucleus is slightly less than the 
sum of the masses of the lighter nuclei fusing together, 
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‘This difference in the masses results the release of 

tremendous amount of energy. 

eg. {H +}H —> {He + e° +v+042 Mev 
Be 


?H+7H — }He + on +3.27 MeV 
2H+7H —3,H?® +,H+ 4.03 Mev 
?H+}H —>}He +nMeV 


Am= (2,014102+ 3.016049) — (4.002603 + 1.008665) 
= 0.018883 u 


MeV 
Energy released, Q = 0.018883 x 931.5 


¢ 


= 17.589 MeV 
18. Given, power of reactor, P= 1000 MW 


We will use concept that the energy generated in one 
fission of 53°U is 200 MeV. 


1 7 
Number of 3°U atoms in 1 g= pe 6.023 x10 
~. Energy generated per gram of 3°U 


= (x 6.02310" x 200x16x10} 
235 


Total energy generated in 5 yr with $0% of the time 
=1000%10° x5. 365 x 24 x60 x 60x 52 
100 
[as E = Pr] 
“+ Mass of “3)U consumed in 5 yr, 
pe Total energy 
Energy consumed per gram 


— 1000X10° x5. X365 x 24 X60 X60X0.8 
= XO N35 X 24 X60 X60 0.8 


1 2 
(4) * 6.02310" x 200x1.6 x10? 


=1.538x10° g 
1538 kg 


+ Initial amount of 35U = (1544 x 2)=3076kg 


SUMMARY 


» Volume of a nucleus is about 407" times the volume of the 
atom. But the nucleus contains more than 99% of the mass of 
an atom. 

+ The unit used to express atomic masses is atomic mass 
unit (u). 

ju = 1660539 x 10” kg 

+ Isotopes The atomic species of the same element differing in 
mass but having the same chemical properties are called 
isotopes. 

* Nucleus It consists of protons and neutrons. The positive 
charge in the nucleus is that of protons. A proton is stable. 

* Neutron was discovered by James Chadwick. A free neutron 
is unstable. 

* Atomic Number It is the number of protons present inside the 
nucleus. 

* Mass Number Itis the total number of protons and neutrons 
inside the nucleus. 

* Nuclear Density The ratio of the mass of nucleus and its 


volume. So, it can be given by p = sme 
4nRy 
* Size of Nucleus The radius A of the nucleus having mass 
Number A can be given by 
Re Al? R= RA? 


where, Ry =12x10°8m 
Mass Energy Einstein showed that mass is anotin 
energy. Einstein's mass-energy equivalence equaticn 
isE =me’. 
Binding Energy Minimum energy required to separate the 
nucleons (present inside the nucleus) and place them at rest 
and infinite distance apart 
Average Binding Energy per Nucleon of Nucleus 
__ Total binding energy 
Number of nucleons (A) 


Nuclear Stability The stability of nucleus is Geterminec Oy 
value of its binding energy per nucleon and its n: 
proton ratio. 

Nuclear Force is the strong attractive farces between 
nucleons. It is a non-conservative force and does not odey 
inverse-square law. 

Nuclear Energy It is the energy released dunng the 
transformation of a nuclei. 

Nuclear Fission It is phenomenon of splitting of a heavy 
nucleus into two or more lighter nuclei by the bombardment of 
proton, neutron, particles, etc. 


Nuclear Fusion It is phenomenon of fusing of two or more: 
lighter nuclei forming a single heavy nucleus 


CHAPTER 
PRACTICE 


OBJECTIVE Type Questions 


1. Ifthe nuclear radius of “Al is 3.6 Fermi, the 
approximate nuclear radius of Cu in Fermi is 
(a) 24 (b) 12 
(c) 4.8 (d) 3.6 

2. How much mass has to converted into energy to 
produce electric power of 200 MW for one hour? 
(a) 2x10°S kg (b)8x10~* kg 
(c)1x10°* kg (d)3x107* kg 

3. The mass defect of helium nucleus is 0.0303 
amu. The binding energy per nucleon for helium 
nucleus will be 
(a) 28 MeV (b)7MeV = (c) 14 MeV (d) 1 MeV 


4. Binding energy of hydrogen nucleus is 
(a) - 13.6eV (b) 0 
(c) 13.6 eV (d)6.8 eV 


5. Two protons are attracting each other, then 
separation between them is 
(a)10- m (b)107? m 
(c)107 m (107 m 
6. In fusion reaction occurring in the sun, 
NCERT Exemplar 
(a) hydrogen is converted into carbon 


(b) hydrogen and helium are converted into carbon 
and other heavier metals/elements 


(c) helium is converted into hydrogen 
(d) hydrogen is converted into helium 


ASSERTION AND REASON 


Directions (Q. Nos. 7-8) In the following 
questions, two statements are given- one labeled 


Assertion (A) and the other labelled Reason (R). 


Select the correct answer to these questions from 
the codes (a), (b), (c) and (d) as given below 


(a)Both Assertion and Reason are true and Reason is 
the correct explanation of Assertion. 


(b) Both Assertion and Reason are true but Reason 
js not the correct explanation of Assertion. 

(c) Assertion is true but Reason is false. 

(d) Assertion is false but Reason is true. 


7. Assertion Nuclear force between 
neutron-neutron, proton-neutron and 
proton-proton is approximately the same. 


Reason The nuclear force does not depend on 
the electric charge. 


8. Assertion Naturally, thermonuclear fusion 
reaction is not possible on earth. 


Reason For thermonuclear fusion to take 
place, extreme condition of temperature and 
pressure are required. 


CASE BASED QUESTIONS 


Directions (Q.Nos. 9-10) These questions are case study 
based questions. Attempt any 4 sub-parts from each question. 
Each question carries 1 mark, 


9. Discovery of Nucleus 
The nucleus was first discovered in 1911 by 
Lord Rutherford and his associates by 
experiments on scattering of a-particles by 
atoms. He found that the scattering results 
could be explained, if atoms consist of a small, 
central, massive and positive core surrounded 
by orbiting electrons. The experimental results 
indicated that the size of the nucleus is of the 
order of 10° m and is thus 10000 times 
smaller than the size of atom. 


(i) Ratio of mass of nucleus with mass of atom 


is approximately 
(a) 1 (b) 10 
(c) 10° (d) 10" 


(ii) Masses of nuclei of hydrogen, deuterium 
and tritium are in ratio 


(a) 1:2:3 b) bed: 
(©) dstie eee 


| Nuclei 


(ii) Density of a nucleus is 


(a) more for lighter elements and less for heavier 
elements 


(b) more for heavier elements and less for lighter 
elements 

| 

| 

| 

| 


(c) very less compared to ordinary matter 
(d) a constant 


(iv) If Ris the radius and A is the mass number, 
| then log R versus log A graph will be 
| {a) a straight line 
(b) a parabola 
| (c) anellipse 
(d) None of the above 
| (v) The ratio of the nuclear radii of the gold 
isotope 33’ Au and silver isotope 12" Au is 
| (b) 0.216 
(d) 3.46 


(a) 1.23 
(©) 2.13 


10. Disappeared Mass 
In the year 1939, German scientist Otto Hahn 
and Strassmann discovered that when an 
uranium isotope was bombarded with a 
neutron, it breaks into two intermediate mass 
fragment. It was observed that, the sum of the 
masses of new fragments formed were less than 
the mass of the original nuclei. This difference 
in the mass appeared as the energy released in 
the process, 
Thus, the phenomenon of splitting of a heavy 
nucleus (usually A> 230) into two or more 
lighter nuclei by the bombardment of proton, 
neutron, @-particle, ete with liberation of energy 
is called nuclear fission. 
Fission reaction resulting from the absorption 
of neutron is known as induced fission. 
QU + on! ggUBS A ggBalt + Kr” 
Unstable nucleus 
+3yn'+O 
(i) Fission of nuclei is possible because the 
binding energy per nucleon in them 
(a) increases with mass number at high mass 
numbers 
(b) decreases with mass number at high mass 


numbers 
(c) increases with mass number at low mass 


number 
(d) decreases with mass number at low mass 
number 
(i) For sustaining the nuclear fission chain 
reaction in a sample (of small size) of 53°U, it 
is desirable to slow down fast neutrons by 
(a) friction 
(b) elastic damping/scattering 
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(c) absorption 
(d) None of the above 
(iii) Which of the following is/are fission 
reaction(s)? 
1, bn + U-> 250 Sb PND + 450 
I. bn +230 Li Xe4 8 Sr+ 250 
IL jH+fH— }He +9n 
(a) Both Il and II (b) Both I and Il 
(©) Only 1 (d) Both Iand 
(iv) If a nucleus with mass number A =240 with 
E,, =7.6 MeV breaks into two fragments of 
Az=120 and E,,=85 MeV, then released 
energy is around 
(a) 216 MeV 
(b) 200 MeV 
(c) 100 MeV 
(d) Cannot be estimated from given data 
(v) In any fission process, ratio of mass of 
daughter nucleus to mass of parent nucleus 
1S 
(a) less than 1 
(b) greater than 1 
(0) equal to 1 
(d) depends on the mass of parent nucleus 


11. The neutron is bombarded on a 2°B nucleus and 


an -particle is emitted. The nuclear reaction 
involved is CBSE 2020 


inal 4 
bn+2B—> jHe+.... 


12. Name the particle emitted spontaneously in the 


following nuclear reaction: CBSE 2020 


32 82¢ ry 
EP — 6S t V+ ceseeee 


VERY SHORT ANSWER Type Questions 


13. Two nuclei have mass numbers in the ratio of 
27: 512. What is the ratio of their nuclear radii? 


14. 


In the following nuclear reaction, identify 
unknown labelled X. CBSE SQP (Term-I) 


22) 2) y 
itNa + X — joNe + 


15. 


Why is it necessary to slow down the neutrons, 
produced through the fission of *33U nuclei (by 


neutrons) to sustain a chain reaction? What 
type of nuclei are (preferably) needed for 
slowing down fast neutrons? 


Name the materials used as moderators in 
nuclear reactors and write the reasons for their 
use as moderator. 


16. 
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SHORT ANSWER Type Questions 
17. 


@) Write two characteristic features of nuclear 
force. 


(ii) Draw a plot of potential energy of a pair of 
nucleons as a function of their separation, 


All India 2017 C 
18, (a) State two distinguishing features of nuclear 
force. CBSE 2019 


(b) Draw a plot showing the variation of 
potential energy of a pair of nucleons as a 
function of their separation. Mark the 
regions on the graph where the force is 
(i) attractive and (ii) repulsive. 

19. Ifboth the numbers of protons and neutrons 
are conserved in a nuclear reaction like 
6C?4+,C — N° 4,He! 

In what way is the mass converted into the 

energy? Explain. 

20. Calculate for how many years will the fusion of 
2.0 kg deuterium keep 800 W electric lamp 
glowing. Take the fusion reaction as CBSE2020 


TH + ]H —> 3He + tn +3,27 MeV 


LONG ANSWER Type! Questions 


21. (a) Give one point of difference between 
nuclear fission and nuclear fusion. 
(b) Suppose we consider fission of a 28Fe into 


two equal fragments of 78 Al nucleus. Is the 


fission energetically possible? Justify your 


answer by working out Q-value of the 
process. 


Given (m) $8Fe = 55.93494 u 


and (m) j:Al=27.98191. case sop (Term-1) 


22. Draw the curve showing the variation of 
binding energy per nucleon with the mass 
number of nuclei. Using it explain the fusion of 
nuclei lying on ascending part and fission of 
nuclei lying on descending part of this curve. 

CBSE 2020 


23. Aheavy nucleus P of mass number 240 and 
binding energy 7.6 MeV per nucleon splits in to 
two nuclei Q and R of mass numbers 110, 130 
and binding energy per nucleon 8.5 MeV and’ 
8.4 MeV, respectively. Calculate the energy _ 
released in the fission. CBSE 2020 
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LONG ANSWER Type II Questions 
24. Define Q-value of a nuclear process. When can 
anuclear process not proceed simultaneously? 


If both the number of protons and the number 
of neutrons are conserved in a nuclear Teaction, 
in what way is mass converted into energy 


(or vice-versa) in nuclear reaction? 


25. (i) Ina typical nuclear reaction, e.g. 
?H+?H —> 3He + 3.27MeV 


Although number of nucleons is conserved, 
yet energy is released. How? Explain. 

(ii) Show that nuclear density in a given nucleus 
is independent of mass number A. 


ANSWERS 


L 2. (b) 
6. (d) 


3. (6) 4. (0) 5. (d) 


7. (a) 8. (a) 


9.(i) (a) As nearly 99.9% mass of atom is in nucleus. 
Mass of nucleus _ 999 _ 


099=1 
Mass of atom 100 


(ii) (a) Since, the nuclei of deuterium and tritium are 
isotopes of hydrogen, they must contain only one 
Proton each. But the masses of the nuclei of hydrogen, 
deuterium and tritium are in the ratio of 1:2: 3, 
because of presence of neutral matter in deuterium and 
tritium nuclei, 

(ii) (@) Density = Mass_ 

Volume 
mA 3m 


tama 4mRy : 
3 


As, m= Mp = my 
= 23x10" kam”, which is a constant, 
(iv) (R= RAM? 
log R= logR, + Flog A 


On comparing the above equation of straight line; 


3 mmx +c, so the graph between log A and log Ris a 
Straight line also. 


() (@) Here A, =197 and A =107 


3 
z-(4) =( pene ae 
m (A, yor) 1225 £1.23 


Nuclei 
40. (i)(5) 
BE 
A 2 
/ (Fusion : Fission 


Aa— 


So, from graph, it is clear that binding energy per 
nucleon decreases with mass number at high mass 
numbers. 

(ii) (b) Fast neutrons are slowed down by elastic scattering 
with light nuclei as each collision takes away nearly 
50% of energy. 

(ii) (d) Reactions I and Il represent fission of uranium 
isotope 2°U, when bombarded with neutrons that 
breaks it into two intermediate mass nuclear 
fragments. However, reaction Ill represents two 
deuterons fuses together to form the light isotope of 
helium. 

(iv) (a) The energy released (ic. Q-value) in the fission 
reaction of nuclei like uranium is of the order of 
200 MeV per fissioning nucleus. This is estimated as 
follows 
Let us take a nucleus with A = 240 breaking into two 
fragments each of A = 120, then 


Ey, for A = 240 nucleus is about 7.6 MeV. 
E,, for the two A = 120 fragment nuclei is about 8.5 
MeV, 


So, gain in binding energy for nucleon is about 
0.9 MeV. 

Hence, the total gain in binding energy is 
240 0.9 or 216 MeV. 

(¥) (@) In fission process, when a parent nucleus breaks 
into daughter products, then some mass is lost in the 
form of energy. Thus, mass of fission products < mass 
of parent nucleus. 

Mass of fission products 4) 
Mass of parent nucleus 

UW. hn+!B—s fHe+ JL 

1, Bp S54 94e7 

18. We know that, radius of nucleus in terms of mass 

number (A), given as 
R=R, A" 
13 
RR” 3a 
R, R,(512)'7 8 
14. Inthe given nuclear reaction, the atomic number of 


product side is one Jess than that of reactant side. So, the 
X must be an electron and the reaction can be written as 


2 
2Na+ Se— pNet+V, 
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15. In fission each nucleus of **U, emits on the average 
more than two neutrons. If one of these neutrons is 
absorbed by another ®U nucleus, causing it to fission, 
we can have a sustainable chain reaction. However, only 
a slow neutron, rather than a fast neutron has a high 
cross-section (chance) of absorption. i.e. Why neutrons 
are slowed down by use of moderator. Heavy nuclei are 
(preferably) needed for slowing down fast neutrons. 


16. Heavy water and graphite are used as moderator in 
nuclear reactors. The main reason why heavy water and 
graphite used as moderator because they capture less 
neutrons than other substance. 


I7. Refer to text on page 505, 
18. Refer to text on page 505. (Nuclear force) 


19. Here, sum of masses of constituents of product is less 
than the sum of masses of constituents of reactants, 
which causes some mass defect. This mass defect gets 
converted into energy, as per mass-energy equivalence. 


20. Let t be the time. 
According to the Avogadro number concept, 
number of atoms in 2 g of deuterium 
= 602310" 
and number of atoms in 2 kg of deuterium 
_ 602310" x 2x10" 
a ee 
= 602310" nuclei 
Energy released during fusion of two deuteriums 
= 3,27 MeV 
:. Energy released per deuterium = 1.635 MeV 
Energy released in fusion of 6023 x10" deuterium atoms 
= 1,635 6.02310 
= 9.848 x10 MeV 
= 9.848 X10" x1.6x10-" 
= 15.75x10" J 
Energy used by bulb in 1s= 800 
As, 800 J of energy used in time = 1s, 
So,15.75 x10" J of energy used in time 
_1x15.75x10" 
"800 
= 1,969x 10"'s 
[el yrs 60x 24x 60% 365 s] 
1969x10" 
tet 
60x 24 x 60x 365, 
=6.243 x10 yr 
Thus, the bulb glows for 6.24310" yr, 


21. (a) Distinction between Nuclear Fission and N 
Fusion Fission is the splitting of large ruieleae. a 
two or more smaller ones, on the other hand, fusion a 
, is 


the combining of two or more li f 
tine one lighter nuclei to form 


(:W = J) 


$24 


(b) The given reaction for decay process, 
Fe — 27 Al 
Mass defect, Am =m (5) Fe)— 2m(* Al) 
= 55.93494 — 2(27.98191) 
=— 0.02888 u 
=> Q=Amx931 
0.02888 x 931 
—2688728 MeV 


Because the energy is negative, so the fission is not 
possible energetically. 


22. Refer to text on page 504. 
23. Energy released (AE) = Am xc? 
where, Am is the mass defect. 
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a AE = 1c” = [110 + 130] * 85 — 240 x 76 Mev 
(+e = 9315 Mey) 
= 240 x (85 — 7.6) = 240 x09 
= 216 MeV 
24. Q-value; refer to the text on pages 512 and 513. 
In fact the number of protons and number of neutrons 
are same before and after nuclear reaction, but the 
binding energies of nuclei present before and after a 
nuclear reaction are different. This difference is called 
mass defect. This mass defect appears as energy of 
reaction. In this sense, a nuclear reaction is an example 
of mass-energy inter conversion. 
25. (i) Refer to Q. 20 on page 507. 
(ii) Refer to text on page 502. 


The basic building blocks of any electronic circuit are the devices which have controlled 
a flow of electrons. Before the discovery of semiconductor devices, such devices were 
mostly vacuum tubes. The vacuum tubes which have two electrodes ; anode and 
yf cathode, are called diode valves and the tubes which have three electrodes : cathode, 
f omy |} anode and grid, are called triode valves. Such devices were bulky, consume high power, 
j generally operate at high voltages and have limited life and low reliability. 


SEMICONDUCTOR ELECTRONICS 
: MATERIALS, DEVICES 
AND SIMPLE CIRCUITS 


| 
The seed of growth and development of modern solid state semiconductor y CHAPTER CHECKLIST 


electronics goes back to 1930, when it was realised that some semiconductors * Semiconductor, Diode 
and their junctions have the ability of controlling the number and the direction -and Its Applications 
of flow of charge carriers through them. Simple excitation with the help of = 


light, heat or small applied voltage can change the number of mobile charge 
arriets in a semiconductor. The supply and flow of charge carriers in these 
| devices are within the solid itself, no vacuum or external heating is required. 
| S0, these devices are small in size, consume low power, operate at low voltages 
and have long life and high reliability. 


CLASSIFICATION OF METALS, CONDUCTORS 
AND SEMICONDUCTORS ON THE BASIS OF 
CONDUCTIVITY 


On the basis of the relative values of electrical conductivity (6) or resistivity 
= Vo), the solids are broadly classified as, 
(i) Metals They possess very low resistivity (or high conductivity). 
p- 1072-108 Om, o- 107-108 Sm7! 
(ii) Semiconductors They have resistivity ot conductivity intermediate to 
metals and insulators. 
p-107-106Qm, o-10*-10°Sm™ 
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Gii) Insulators They have high resistivity (or low conductivity). 
P-10"- 10" Qm, 0 -107"-107? Smt 
The values of p and © given above are indicative of 
magnitude and could well go outside the ranges as well. 


Our interest in this chapter is in the study of semiconductors, 
which can be of the following types 


(i) Element semiconductors These semiconductors are 
available in natural form. 


eg. Silicon and germanium. 


(ii) Compound semiconductors These semiconductors are 
made by compounding the metals. e.g. 


(a) Inorganic semiconductors are CdS, GaAs, CdSe, InP, 
etc. 


(b) Organic semiconductors are anthracene, doped 
pthalocyanines, etc. 


(©) Organic polymer semiconductors are polypyrrole, 
polyaniline, polythiophene, etc. 


ENERGY BANDS IN SOLIDS 
(CONDUCTOR, INSULATOR AND 
SEMICONDUCTOR) 


Energy Band 


According to Bohr’s atomic model and concept of electronic 
configuration in an isolated atom, the electrons have certain 


Difference between Conductor, 
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definite discrete amounts of energy corresponding to 
different shells and subshells, i.¢. mere are well-defined 
energy levels of electrons in an isolate atom, 

Burt in a crystal due to interatomic interaction, valence 
electrons are shared by more than one atom. Due to 
this, splitting of energy level takes place. The collection 
of these closely spaced energy levels is called an energy 
band. These bands are formed due to the continuous 
energy variation in different energy levels. 

These different energy levels in different electrons are 
formed because inside the crystal, each electron has a 
unique position and no two electrons is exactly at the 
same pattern of sirrounding charges. 


Valence Band 


The energy band, which includes the energy levels of 
the valence electrons is called valence band. This band 
may be partially or completely filled with electrons but 
is never empty. 


Conduction Band 


The energy band above the valence band is called 
conduction band. At room temperature, this band is 
either empty or partially filled with electrons. Electrons 
can gain energy from external electric field, then jump 


from valence to conduction band and contribute to the 
electric current, 


Insulator and Semiconductor on the basis of Energy Bands 


Conductor (Metal) _ Insulator 


In conductor, either there is no energy gap 


In insulator, the valence band is completely 


_ __ Semiconductor 


filled, the conduction band is completely In semiconductor, th 
i ; . the valence bands totally 
between the conduction band which is empty, In this, energy Sap Is quite large filled and the conduction band is empty but 
partially filled with electrons and valence 


band or the conduction band and valence 
band overlap each other it. 
Thus, many electrons from below the fermi 
level can shift to higher energy levels above 
the fermi level in the conduction band and 
behave as {ree electrons by acquiring a little material 
More energy from any other sources. 


Conduction — Conduction 


and even energy from any olher 
Source cannot help electrons to overcome 


Thus, elecirons are bound to valence band 


and are nol {ree to move. Hence, Slectric in th 
conduction is not possible i 


Emply conduction band 


the energy gap between conduction band 
aly valence band, unlike insulators is very 
ma 


Thus, at room temperature, some electrons 


fi 8 valence band acquire thermal energy 
in this type of greater than energy band gap and jump over 
0 the conduction band where they are free 


to move under the influence of even a small 
electric fi 


ield and acy ity. 
6 \uire small conductivity. 
See lett ee eo ale -——— 
T id iy |— Conduction 
3 
» Valence falenee : : Fy > Sev : . 
band bed g 8 § wae i Liew 
s 8 8 
For metals Swe Nalonce é Ev valance bend 
and Valence 
eee Ege! 


el 


Energy Band Gap 

The minimum energy required for shifting electrons from 
valence band to conduction band is called energy band gap 
(E,). leis the gap between the top of the valence band and 
bottom of the conduction band. It can be zero, small or 
large depending upon the material. 


Note if2,is the wavelength of radiation used in shifting the electron 
from valence band to conduction band, then energy band gap is 


where, his called Planck's constant and c is the velocity of light. 


Fermi Energy 


Ic is the maximum possible energy possessed by free 
clectrons of a material at absolute zero temperature 
(i.c.0 K), The value of fermi energy is different for different 
materials, 


SEMICONDUCTORS 


The materials whose conductivity lie benveen metals and 
insulators are known as semiconductors. They are 
characterised by narrow energy gap (less than 3eV) between 
the valence band and conduction band. At absolute zero 
temperature, all states in valence band are filled and all 
states in conduction band are empty. An applied electric 
field cannot give so much energy to the valence electrons 
that they could cross the gap and enter the conduction 


band. Hence, at low temperatures, pure semiconductors are 
insulators, 


Electrons and Holes in Semiconductors 


At room temperature, however some of the valence electrons 
acquire thermal energy greater than E, and move into 
Conduction band. A vacancy is created in the valence band at 
each place where an electron was present before moving into 


Conduction band. This vacancy is called hole. It is a seat of 
Positive charge of magnitude equal to the charge of an 
electron, Thus, free electrons in the conduction band and the 
holes are created in the valence band, which can move even 
Under a small applied field. The solid is therefore conducting, 


On the basis of purity, semiconductors are of two types 


Intrinsic Semiconductors 


. ey of semiconductor is also called an undoped 

a aac a ‘type semiconductor. It is a pure 

ipades Pane without any significant presence of dopant 

ining a eermanti silicon in their natural state are 
‘miconductors. 


he number of charge carriers is determined by the 


Properties of the material itself instead of the amount of 


miconductor Electronics : Materials, Devices and Simple Circuits 
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impurities. In intrinsic semiconductors, the number of 
excited electrons is equal to number of holes, i.e. m, = 7; 
where n; is called intrinsic carrier concentration. At 
temperature 0 K, the valence band is filled, The energy gap 
is 0.72 eV and the conduction band is totally empty. 


Under the action of an electric field, holes move towards 
negative potential giving hole current /,. The total current 
Tis the sum of the electron current J, and the hole current 
Iie TI, 41, 

Itmay be noted that apart from the process of generation of 
conduction in electrons and holes, a simultaneous process 
of recombination occurs in which the electrons recombine 
with the holes. At equilibrium, the rate of generation is 
equal to rate of recombination of charge carriers. The 


recombination occurs due to an electron colliding with 
ahole. 


(Thermally generated 
free electron) 


Hole at site 1 
(electron vacancy) 


SiorGe 


(a) 


Fig. (a) is representing the generation of hale at site 1 
and conduction electron due to thermal energy at 
moderate temperatures 


Fig. (b) is representing possible thermal motion of a hole. The 
electron from the lower left hand covalent bond (site 2) goes to 
the earlier hole site 1, leaving a hole at its site indicating an 
apparent movement of the hole from site 1 to site 2 
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An intrinsic semiconductor behaves like an insulator at 
T =0K. The thermal energy at higher temperature is the 
only reason which excites some electrons from the valence 
band to the conduction band. 


In Fig. (b) these thermally excited electrons at 7 >0K, 
Partially occupy the conduction band. They haye come 
from the valence band leaving equal number of holes there. 


Fe £, = Electrons 
8 
5 5 7) 
© | | 
3 Ey — Soe Holes 
= SS 
@ (>) 


Fig. (a) an intrinsic semiconductor atT = OK 
behaves like insulator. Fig. (b) is representing four 
thermally generated electron-hole pairs atT > OK 


Extrinsic Semiconductors 


The conductivity of intrinsic semiconductors is very low at 
room temperature, But, it can be significantly increased, if 
some pentavalent or trivalent impurity is mixed with it 
Hence, those semiconductors in which some impurity 
atoms are embedded are known as extrinsic or impurity 
semiconductors. 
NOTE When some desirable impurity is added to intrinsic 
Semiconductors deliberately then this process is called doping and 
the impurity are called dopants The process of adding impurity to an 
intrinsic semiconductor in a controlled manner is called doping, 
There are two types of dopants used in doping, 
(i) Trivalent (valency 3) atoms: e.g., Indium (In), Boron 
(B), aluminium (Al), etc. 
(ii) Pentavalent (valency 5) atoms: e.g., Arsenic (As), 
Antimony (Sb), Phosphorous (P), etc. 
Extrinsic semiconductors are basically of two types 


(i) n-type semiconductors (ii) p-type semiconductors 


n-Type Semiconductors 


This type of semiconductor is obtained when pentavalent 
impurity is added to Si or Ge. During doping, four 
electrons of pentavalent element bond with the four silicon 
neighbours while fifth remains very wealdy bound to its 
parent atom, Also the ionisation energy required to ser this 
electron free is very small. 

Hence, these electrons are almost free to move. In other 
words, we can say thar these electrons are donated by the 
impurity atoms. So, these are also known as donor atoms 
and the conduction inside the semiconductor will take 
place with the help of the negatively charged electrons. Due 
to this negative charge, these semiconductors are known as 
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n-type semiconductors. When the semiconductors ate 
placed at room temperature, then the covalent bond 
breakage takes place, So, more free clectrons are gencrated, 
Asa result, same number of holes generation takes place, 
But as compared to the free electrons, the number of holes 
are comparatively less due to the presence of donated 
electrons, i.e. 2, >> t;,- 

Therefore, major conduction in n-type semiconductors js 
due to electrons. So, electrons are known as Majority 
carriers and the holes are known as the minority carriers, 


This means, 2, >>1,31, >>J;, 


$1? _~ e-Unbonded free 


ion 7 @) electron donated 


by pentavalent 
(+5 valency) atom 


fa) 


Fig. (a) Pentavalent donor atom (As, Sb, P, etc.) doped 
for tetravalent Si or Ge giving n-type semiconductor 


O OO] Electron 
OOO 
exer) 


(b) 

Fig. (b) Commonly used schematic representation for 
n-type material which shows only the fixed cores of 
the substituent donors with one additional effective 

Positive charge and its associated extra electron. 


p-Type Semiconductors 


This type of semiconductor is obtained when a trivalent 
impurity is added to Si or Ge. 
So, the three valence electrons of 
will form the covalent bonds with 
atoms have four electrons in its vi 
covalent bond will be improper. 


This means, one more clectron is needed for the proper 
ott bonding, This need of one clectron is fulfilled 
fom any of the bond between two silicon atoms. So, the 


bond berween the silicon and inpuns ill b 
impurity atoms will be 
completed. After bond formation, the doped impurity will 
Bet ionised, As we know chat, ions are negatively charged. 
}, the impurity will also Bet negative charge. 


Donor core 


the doped impure atoms 
silicon atoms but silicon 
‘lence shell, Hence, one 
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As, hole was created when the electron ‘come from 
silicon-silicon bond moved to complete the bond between 
the doped impurity and silicon. Due to this, an electron will 
now move from any one of the covalent bond to fill the 
empty hole. This will further result in a new hole 
formation. So, in p-type semiconductor, the holes 
movement results in the formation of the current. This 
means, in this type of semiconductor majority charge 
catiere are holes, i.e. positively charged and minority 
charge cartiers are electrons, ie. n, >>n, 3 1, >>7,. 
Hence, these conductors are known as p-type 
semiconductors or acceptor type semiconductors. 


Acceptor core 


OOO 
060| 
006 


(b) 


1—Hole 


Fig. (a) Trivalent acceptor atom (In, Al, B, etc.) doped in tetravalent 
Sior Ge lattice giving p-type semiconductor. Fig. (b) Commonly 
used schematic representation of p-type material which shows 
only the fixed core of the substituent acceptor with one effective 
additional negative charge and its associated hole. 


The electron and hole concentration in a semiconductor in 
iat. cea a 2 
thermal equilibrium is given by 2,1, =n;. 


Note The energy gaps of C.Si and Ge are 5.4 eV, 1.1 eV and 
07 eV, respectively 


IS a group IV element as its energy. gaps Is zero. 


Energy Band in Extrinsic 
Semiconductors 


n extrinsic semiconductors, additional energy states due to 
nor impurities (Ey) and acceptor impurities (£ 4) also 
“xist. In the energy band diagram of n-type semiconductor, 
the donor energy level E , is slightly below the bottom Ey 
* conduction band and the electrons from this level move 


‘nto conduction band with very small supply of energy. 


| z F 
P-type semiconductors, the acceptor energy level E 4 is 


slighely above the top energy level Ey, of the valence band. 

ith very small supply of energy an clectron from the 
Valence band can jump to the level E, and ionise the 
‘ceptor negatively, 
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a 


(a)T>OK 
‘one thermally generated electron-hole 
pair +9 electrons fram denor atoms 


stil __&, (Acceptor eneray 
Ey t a level) 
jo | ~001-0.05eV 


eee 


(o) T>0K 
Energy bands of (a) n-type semiconductor at 
T> OK, (b) p-type semiconductor at T> 0K 


EXAMPLE (1| The number of silicon atoms per m? is 
5 x 10%. This 1s doped simultaneously with x 10” atoms 
per m?of arsenic and 5 x 10” atoms per m? of indium. 
Calculate the number of electrons and holes. Given that, 
n = 1.5x10'm” >. Is the material n-type or p-type? 
NCERT 
Sol. For each atom doped with arsenic, one free electron is 
received. Similarly, for each atom doped of indium, a 


vacancy is created, So, number of free electrons introduced 
by pentavalent impurity is 

Ny =5x10" mo 
The number of holes introduced by trivalent impurity 
added is Ny, =5x 10° me 
So, net number of electrons added is 

n, = Ny, ~ N,=5x10" —5 x10" 
= 4.95 x10" m™ 


We know that, 
nyt, = 0 
nf _ (15x10 
So, = =—— ay 
n, 4,95 x10 
3 


= 454x107 mo 


As,n, > n, (number of holes). So, the material is n-type 
semiconductor. 
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P-n JUNCTION 


It is an arrangement made by a close contact of n-type 


Semiconductor and p-type semiconductor. There are 
various methods of forming p-n junction, In one method, 
an n-type germanium crystal is cut into thin slices called 
wafers. An aluminium film is laid on an n-type wafer, which 
is then heated in an oven ata temperature of about 600° C. 
Aluminium then diffuses into the surface of wafer. In this 
way, a p-n junction is formed. 


Formation of Depletion 

Region in p-n Junction 

In an n-type semiconductor, the concentration of electrons 
is more than that of holes. Similarly, in a p-type 
semiconductor, the concentration of holes is more than that 
of electrons. During the formation of p-t junction and due 
to the concentration gradient across p and n-sides, holes 
diffuse from p-side to n-side (p — n) and electrons diffuse 
from n-side to p-side(n — p). The diffused charge carriers 
combine with their counterparts in the immediate vicinity 
of the junction and neutralise each other. 

Thus, near the junction positive charge is built on n-side 
and negative charge on p-side. 


— Electron diffusion 
Election drift — 
9808 
eee): 
p 8008], fn 
e560 
8060 
i {Depletion region 
Hole ditfusi 


Hote arn 
=n junction formation process 


This sets up potential difference across the junction and an 
internal electric field E, directed from n-side to p-side, The 
equilibrium is established when the field £; becomes strong 
enough to stop further diffusion of the majority charge 
carriers (however, it helps the minority charge carriers to 
diffuse across the junction). 

The region on cither side of the junction which becomes 
depleted (free) from the mobile charge carriers is called 
depletion region or depletion layer. The width of depletion 
region is of the order of 10° m. 


The potential difference developed across the depletion 
region is called the potential barrier. It depends on dopant 
concentration in the semiconductor and temperature of the 
junction. 


Note 

. ion of hales from p-side to n-side and electrons from 
Daeein pale the junction, a current rises from p-side to side, 
which is called diffusion current. 
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the depletion region a 

+ Ian electron-hole pair is created on ais 

thermal collision, tho electrons are pushed by the electric fiejg 
towards the reside and the holes towards the p-side, which gives rise 
fo a current {rom nside to pside known as drift current. 


» In steady state, diffusion current = drift current. 


SEMICONDUCTOR DIODE OR 
p-n JUNCTION DIODE 


Ieis basically a p-n junction with metallic contacts provided 
at the ends for the application of an external voltage, It is 4 
two terminal device, Bs 

Ics represented by the symbol p+. 

The direction of arrow indicates the conventional direction 
of current. 


Forward Biasing and Reverse 
Biasing of Junction Diode 


Biasing is the method of connecting external battery or emf 
source to a p-n function diode. The junction diode can be 
connected to an external battery in two ways, called 
forward biasing and reverse biasing of the junction. 


Forward Biasing 

A junction diode is said to be forward biased when the 
positive terminal of the external battery is connected to the 
prside and negative terminal to the n-side of the diode. 


Flow of Current in Forward Biasing 


In this situation, the forward voltage opposes the potential 
barrier, due to which both the potential barrier and wideh 


of the depletion layer decreases. Under the effect of external 
electric field, holes in the 


P-region and electrons in 
the n-region, both move 
towards the junction. 
These holes and electrons 
mutually combine just 
near the junction and 
cease to exist. For each 
electron-hole 

combination, a covalent 
bond breaks up in the 
P-tegion near the positive 
terminal of the battery. Out of the hole and electron so 
produced, the hole moves towards the junction, while the 


clectron enters the positive terminal of the battery through 
the connecting wire. 


Battery 
Forward biasing of junction diode 


Just at this moment, 
negative terminal of, 
replace the electron 
junction, Thus, 


an electron is released from the 
the battery which enters the n-region (0 
lost by combining with a hole at the 
a current called forward current, is 
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astituted by the motion of majority charge carriers across 
ie junction. In forward bias, the junction diode offers low 
resistance. 
Reverse Biasing 
A junction diode is said to be reverse biased when the 


sitive terminal of the external battery is connected to the 
nside and negative terminal to the p-side of the diode. 


Flow of Current in Reverse Biasing 


In this situation, the reverse voltage supports the potential 
barrier, due to which both the potential barrier and with of 
the depletion layer increases. Under the effect of external 
dectric field, holes in the p-region and electrons in the 
retegion are pushed away from the junction i,c. they cannot 
be combined at the junction. So, there is almost no flow of 
current due to majority charge carriers. 
Junction 


Battery 


Reverse biasing of junction diode 


However, a very small current due to minority charge 


Gartiers, flows across the junction. This current is called 
Teverse current, 


TV (CURRENT-VOLTAGE) 
CHARACTERISTICS OF p-n 
UNCTION DIODE 


. "graphical relations between voltage applied across p-n 
Wunction and current flowing through the junction are 
called LV characteristics of junction diode. 


Forward Biased Characteristics 


© circuit diagram for studying forward biased 
‘aracteristics is shown in the figure (a). Starting from a 
OW value, forward bias voltage is increased step by step 
Measured by voltmeter) and forward current is noted (by 


Smmeter). A graph is plotted between voltage and current 
'S shown in figure (b). 
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Forward biased characteristic of a diode 


At the start when applied voltage is low, the current 
through the diode is almost zero. It is because of the 
potential barrier, which opposes the applied voltage. 

Till the applied voltage exceeds the potential barrier, the 
current increases very slowly with increase in applied 
voltage (OA portion of the graph). 

With further increase in applied voltage, the current 
increases very rapidly (AB portion of the graph), in this 
situation the diode behaves like a conductor. The forward 
voltage beyond which the current through the junction 
starts increasing rapidly with voltage is called knee voltage 
or threshold voltage. If line AB is extended back, it cuts the 


voltage axis at potential barrier voltage. 
iB P 


Reverse Biased Characteristics 


The circuit diagram for studying reverse biased 
characteristics is shown in the figure (a), 


Reverse voltage (V) 
: “0: 7 0]. & 
4 Ic 2: 
pA g 
b 4 a 
Breakdown 68 
voltage o 
Battery 8 & 
bbe 
‘HH D 
(a) (b) 


Reverse biased characteristic of a diode 


In reverse biased, the applied voltage supports the flow of 
minority charge carriers across the junction. So, a very small 
current flows across the junction due to minority charge 
carriers. Motion of minority charge carriets is also 
supported by internal porential barrier, so all the minority 
carriers cross over the junction. 
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Therefore, the small reverse current remains almost constant 
over a sufficiently long range of reverse bias, increasing very 
little with increasing voltage (OC portion of the graph). This 
Keverse current is voltage independent upto certain voltage 
known as breakdown voltage and this voltage independent 
Current is called reverse saturation current. 

Note if the reverse bias is equal to the breakdown voltage, then 
the reverse current through the Junction increases very rapidly (CD 
Portion of the graph). this situation is called avalanche breakdown 
and the junction may get damaged due to excessive healing If this 
Current exceeds the raled value of p-n junction, 

In diodes, a resistance is offered by the function which 
depends on the applied voltage, which is called dynamic 
resistance. It is the ratio of small change in voltage to the 
small change in current produced. 


Dynamic resistance, r, = a 


DIODE AS A RECTIFIER 


The process of converting alternating voltage/current into 
direct voltage/current is called rectification. Diode is used as 
a rectifier for converting alternating current/voltage into 
direct current/voltage. 


Principle . 
From the V-/ characteristic of a junction diode, we see that 
it allows current to pass only when ic is forward biased. So, 
if an alternating voltage is applied across a diode, the 
current flows only in that part of the cycle when the diode is 
forward biased. This property is used to rectify the 
current/voltage, 
There are wo ways of using a diode as a rectifier, i.e, 

(i) Diode as a half-wave rectifier 

(ii) Diode as a full wave rectifier 


Diode as a Half-Wave Rectifier 


In this, the AC voltage to be rectified is connected to the 
primary coil of a step-down transformer and secondary coil 
is connected to the diode through resistor R, across which, 
output is obrained. 


Vt 


B Y 
Circuit diagram of half-wave rectifier 
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Working 

During positive half cycle 
of the input AC, the p-7 
junction is forward 
biased. Thus, the 
resistance in p-7 junction 


Voltage at A 


becomes low and current e 
flows. Hence, we get 8 
ourput in the load. 8 
During negative half cycle 
of the input AC, the p-n 3 


junction is reverse biased. 
Thus, the resistance of 
p-n junction is high and current does not flow. Hence, no 
output is in the load. 


Diode as a Full Wave Rectifier 


In the full wave rectifier, two p-n junction diodes, D, and D, 
are used, This arrangement is shown in the diagram below, 


Input and output waveforms 


Centre tap 
transformer 


x 


; & Output 


Circuit diagram of full wave rectifier 


Working 


During the positive half 
cycle of the input AC, 
the diode Dy is forward 
biased and the diode D, 
is reverse biased. The 
forward current flows 
through diode dD. 


During the negative half 
cycle of the input AC, 
the diode D, is reverse 
biased and diode Dy, is 
forward biased. Hence, 
current flows through 
diode D,, Hence, sf 
find that during both the 
halves, current flows in 
the same direction, 


Input 


waveform atB wavelorm al A 


Input 
{2} 


Due tolDue to}Due tolOue tt 
Dt i { Op } 
Mi Pe en N 


T 


Output waveform 
(across R,) 
fy 


Input and output waveforms 


semicon 


pole of Filters ‘ 
Jn order to get the steady DC output from the pulsating 
voltage normally, a capacitor is connected across the ourput 
erminals (parallel to load R,). An inductor can also be used 
in series for the same purpose. 

As these additional circuits appear to filter out the AC 
ripple and provide a pure DC voltage, so they are called 
filters. 


x DC component 


A full wave rectifier with capacitor filter Fig. (a) and 
Input and output voltage of rectifier in Fig. (b). 


Let us discuss the role of capacitor in filtering. When the 
voltage across the capacitor is rising, it gets charged. If there 
iso external load, it remains charged to the peak voltage of 
the rectitied output. When there is a load, it gets discharged 
through the load and the voltage across it begins to fall. In 
the next half cycle of the rectified output, it again gets 
charged to the peak value (sce the above figure). The rate of 
fall of voltage across the capacitor depends upon the inverse 
product of capacitor C and the effective resistance Ry used 
in the circuit and is known as time constant. To make the 
time constant large value of C should be large. So, capacitor 
Mnput filters use large capacitors. The output voltage 
obtained by using capacitor input filter is nearer to the peak 
Voltage of the rectified voltage. 


CHAPTER PRACTICE 
(SOLVED) 


OBJECTIVE Type Questions 


1. The conductivity of a semiconductor increases 
with increase in temperature, because 
NCERT Examplar 
(a) number density of free current carriers increases 
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(b) relaxation time increases 

(c) both number density of carriers and relaxation 
time increase 

(d) number density of carriers increases, relaxation 
time decreases but effect of decrease in relaxation 
time is much less than increase in number density 


2. The substance which is doped in an intrinsic 
semiconductor to make p-type semiconductor is 
(a) phosphorus (b) antimony 
(c) aluminium (d) arsenic 


3. A220 V AC supply is connected between points 
Aand B (figure). What will be the potential 
difference V across the capacitor? 

NCERT Examplar 


(a)220V (by 10. @)OV (a) 220/2V 


4. The ratio of output frequencies of half wave 
rectifier and a full-wave rectifier, when an input 
of frequency 200 Hzis fed at input? 

(a) 1:2 (b) 2:1 
(c) 4:1 (d) 1:4 
Directions (Q. Nos. 5-7) In the following 
questions, two statements are given- one labeled 
Assertion (A) and the other labelled Reason (R). 
Select the correct answer to these questions from 
the codes (a), (b), (c) and (d) as given below 
(a) Both Assertion and Reason are true and Reason is 
the correct explanation of Assertion. 
(b) Both Assertion and Reason are true but Reason is 
not the correct explanation of Assertion. 
(c) Assertion is true but Reason is false. 
(d) Assertion is false but Reason is true. 


5. Assertion The conductivity of an intrinsic 
semiconductor depends on its temperature. 
Reason The conductivity of an intrinsic 
semiconductor is slightly higher than that of a 
lightly doped p-type semiconductor, 


6. The ability of a junction diode to an 
alternating voltage, is based on the fact that it 
allows current to pass only when it is forward 
biased. Delhi 2020 


7, The ... a property of materials C, Si and Ge 
depends upon the energy gap between their 
conduction and valence bands. 
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VERY SHORT ANSWER Type Questions 


8. Sn, C and Si, Ge are all group XIV clements. Yet, 
Sn is a conductor, C is an insulator while Si and 
Ge are semiconductors. Why? NCERT Exemplar 


9. Show variation of resistivity of Si with 
temperature in a graph. 


10. Is the ratio of number of holes and the number 
of conduction electrons in an n-type extrinsic 


semiconductor more than, less than or equal 
tol? 


11. How does the width of a depletion region of a 


p-n junction vary, if doping concentration is 
increased? 


12. What do you mean by reverse current in p-n 
junction diode? 


13. The graph shown in the figure represents a plot 


of current versus voltage for a given 


semiconductor. Identify the region, if any, over 


which the semiconductor has a negative 
resistance. 


AN 
Voltage (V) 


Current (mA) 


14. Can the potential barrier across a p-njunction 
be measured by simply connecting a voltmeter 
NCERT Exemplar 


across the junction? 


15. When a voltage drop across a p-n junction 
diode is increased from 0.70 V to 0.71V, the 
change in the diode current is 10 mA .What is 
the dynamic resistance of diode? 


16. Inhalf-wave rectification, what is the output 
frequency if input frequency is 25 Hz? 


17. Why are elemental dopants for silicon or 


germanium usually chosen from group XIII or 
NCERT Exemplar 


group XV? 
SHORT ANSWER Type Questions 


18. Write two characteristic features to distinguish 


betweenn-type and p-type semiconductors. 


All India 2012 


19. Cana slab of p-type semiconductor be 
physically joined to another n-type 
semiconductor slab to form p-n junction? 


Justify your answer. 


Delhi 2014 


CBSE SQP (Term-1) 


All India 2013 


20. 


23. 


24. 


25. 


26. 


27. 


28. 


29. 
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-n junction diode the forward bias 


Tp pared to the reverse 


resistance Is low as com| 
bias resistance. Give reason. 
Briefly explain how a potential barrier is set up 


-n junction as a result of diffusion ang 


across a 
F CBSE 2020 All India 


drift of the charge carriers. 
Explain with the help of a circuit diagram, the 
working of a p-n junction diode as a half-wave 
rectifier. All India 2014 


Write any two distinguishing features between 
conductors, semiconductors and insulators on 
the basis of energy band diagrams. All India 2014 


Assuming an ideal diode, draw the output 
waveform for the circuit given in the figure, 
explain the waveform. NCERT Exemplar 


R 


20 sin wt : 


=5v 


The ionisation energy of isolated pentavalent 
phosphorous atom is very large. How is it 
possible that when it goes into silicon lattice 
position, it releases its Sth electron at room 
temperature, so that n-type semiconductor is 
obtained? 


Define the following terms used in electronic 
devices. 

(i) Reverse breakdown voltage 

(ii) V-I characteristic of forward biased diode 


Write the two processes that take place in the 
formation of a p-n junction. Explain with the 
help.of a diagram, the formation of depletion 
region and barrier potential in a p-n junction. 
Delhi 2017 
(i) In the: following diagram, is the junction 
diode forward biased or reverse biased? 


pt ww 


+5V 


(ii) Draw the circuit diagram of a full wave rectifier 
and state how it works? All India 2017 C 


Drawa labelled diagram of a full wave rectifier 
circuit. State its working principle. Show the 
input-output waveforms, All India 2019, 20 
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or Draw the circuit diagram of a full wave 
rectifier. Explain its working principle. Draw 
the input and output waveform. All India 2017C. 


30. Astudent wants to use two p-n junction 
diodes to convert alternating current into 
direct current. Draw the labelled circuit 
diagram she would use and explain how it 
works. CBSE 2018 


31. There are two semiconductor materials 
Aand B which are made by doping 
germanium crystal with indium and arsenic, 
respectively. As shown in the figure, the 
junction of two is biased with a battery. Will 
the junction be forward bias and reverse 
bias? 


LONG ANSWER Type I Questions 


32. Draw the energy band diagram when intrinsic 
semiconductor (Ge) is doped with impurity 
atoms of antimony (Sb). Name the extrinsic 
semiconductor so obtained and majority 
charge carriers in it. CBSE SQP (Term-II) 

33, (a) Explain the formation of energy bands in 

crystalline solids. 
(b) Draw the energy band diagrams of (i) a 
metal and (ii) a semiconductor. 


34, Explain the formation of potential barrier 
and depletion region in a p-n junction diode. 
What is effect of applying forward bias on the 
width of depletion region? Delhi 2020 


35. As we know that an n-type semiconductor 
has large number of electrons but it is still 
electrically neutral. Why? 


LONG ANSWER Type II Questions 


36, (i) State briefly the processes involved in the 
formation of p-n junction explaining 
clearly how the depletion region is 
formed? 


(ii) Using the necessary circuit diagrams, 
show how the V-/ characteristics of a 
p-n junction are obtained in 
(a) forward biasing (b) reverse biasing 
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How are. these characteristics made use of in 
rectification? Delhi 2014 


37. An AC signal is fed into two circuits X and Y and 
the corresponding output in the two cases have 
the waveforms as shown in below. 


Pu-8 


[AN AN ANA 


(i) Identify the circuits X and ¥ Draw their 
labelled circuit diagrams. 
(ii) Briefly explain the working of circuit ¥. 
(iii) How does the output waveform circuit Y get 
modified when a capacitor is connected across 


the output terminals parallel to the load 
resistor? 


NUMERICAL PROBLEMS 


38. Assuming that the two diodes D, and D, used in 
the electric circuit as shown in the figure are ideal, 
find out the value of the current flowing through 
1Q resistor. Delhi 2013, (2M) 


39. The impurity levels of dopped semiconductor are 
30 eV below the conduction band. Determine 
whether the semiconductor is n-type or p-type. At 
the room temperature, thermal collisions occur as 
a result of which, the extra electron loosely bound 
to the impurity ion gets an amount of energy kT 
and hence this electron can jump into conduction 
band. What is the value of T? Take, k is Boltzmann. 
constant = 8.62 x 10° eV/K. 
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Apotential barrier of 0.4 V exists across p-n 
junction. 
(i) If the depletion region is 4.0x 107 m wide, 


what is the intensity of the electric field in this 
region? 


(ii) If an electron with speed 4 x 10° m/s 


approaches the p-n junction from the n-side 
find the speed with which it will be p-side.” 
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41. Ifeach diode in figure has a forward bias 


resistance of 25 Q and infinite resistance in 
reverse bias, what will be the values of the 
currents J,, 1,, I, and 1,2 


A 1250 


B 


5V 


42. In half-wave rectification, what is the output 
frequency, if the input frequency is 50 Hz? 
What is the output frequency of a full wave 


Tectifier for the same input frequency? NCERT 


43. 


Predict the effect on the electrical properties of 
a silicon crystal at room temperature, if every 
millionth silicon atom is replaced by an atom of 
indium. Given, concentration of silicon atoms 

= 510m, intrinsic carrier concentration 
=15x10'%m*, H, = 0135 m3/V-sand 

H,, =0.048m?/V-s. 


| HINTS AND SOLUTIONS | 


L_ (4) The conductivity of a semiconductor increases with 
increase in temperature, because the number density of 
current carriers increases, relaxation time decreases but 
effect of decrease in relaxation is much less than 
increase in number density. 

2. (c) In an intrinsic semiconductor, when an impurity of 
trivalent group such as aluminium, boron, etc., mixed in 
very small quantity, then the resultant crystal will be 
p-type semiconductor. 


3. (4) As p-n junction conducts during positive half cycle 
only, the diode connected here will work is positive half 
cycle. Potential difference across C = peak voltage of the 
given AC voltage = V, = Ving ¥2 = 220V2 V. 

4. (a) Output frequency of full wave rectifier is twice the 
output frequency of half wave rectifier. 

», Loattwave 1 
Fiatwave 2 

5, (c) The conductivity of an intrinsic semiconductor is 
less than that of a lightly doped p-type semiconductor. 

6. rectify ‘ 

7. conductivity 


8. A material is a conductor, ifin its energy band diagram, 
there is no energy gap between conduction band and 


10. 


12. 


18. 


14. 


15, 


16, 


17. 


18. 


19. 
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d. For insulator, the energy gap is large ang 
a A, the energy gap is moderate, i 
The energy gap for Sn is 0 eV, for C is 5.4 eV, for Sis 
1.1 eV and for Ge is 0.7 eV, related to their atomic size, 
Therefore, Sn is a conductor, C is an insulator and Ge 
and Si are semiconductors. 


). Graph of resistivity of Si as a function of temperature is 


given alongside (resistivity of metals increases with 
increase in temperature). 


Resistivity 
p (10% Q-m) 
oo 
RR 


0 50 100 150 

Temperature T (K) 
The ratio of number of holes and the number of 
conduction electrons in an n-type extrinsic 
semiconductor is less than 1. 
The width of a depletion region of a p-n junction of 
inversely proportional to the concentration of dopants. 
So, if the doping concentration is increased, then the 
width of depletion region decreases. 
When a diode is reversed biased, then very small current 
due to minority charge carries flows across the junction. 
This current is called reverse current. 


Resistance of a material can be found out by the slope of 
the curve V versus J. Part BC of the curve shows the 
negative resistance as with the increase in current, there 
is a decrease in voltage, 
We cannot measure the potential barrier across a 
P-njunction by a voltmeter because the resistance of 
voltmeter is very high as compared to the junction 
resistance, 
The dynamic resistance of a diode is 
HS Change in diode voltage (AV) 
Oh ain Angee ee 
Change in diode current (AT) 


Here, AV = 071 ~ 070 = 001 Vand Al =10mA=10 107 A 
2) je OL 
10x 107 


The output frequency of a half-wave rectifier is same as 
that as input frequency, ie, 25 Hz, 

The size of the dopant atom should be such that their 
Presence in the pure se 
semiconductor but easil 
on forming covalent bi 
are provided by ' 


Refer to text on page 528, 


=1Q 


semico 


20. 


21. 
. Refer to text on page 532. 


It is because in forward biased condition, the potential 
barrier is low in p-na junction as compared to that in 
reverse biased condition. So, the resistance is low in 
forward biasing as compared to that in reverse biasing. 


Refer to text on page 530. 


. Refer to text on page 526. 
14. 


When the input voltage is equal to or less than 5 V, 
diode will be reverse biased. It will offer high resistance 
in comparison to resistance (R) in series. Now, diode 
appears in open circuit, The input waveform is then 
passed to the output terminals. The result with sine 
wave input is to dip off all positive going portion 
above 5 V. 

If input voltage is more than + 5 V, diode will be 
conducting as if forward biased offering low resistance 
in comparison to R. But there will be no voltage in 
outpul beyond 5 V as the voltage beyond + 5 V will 
appear across R. 

When input voltage is negative, there will be opposition 
to 5 V battery. In p-n junction, input voltage becomes 
more than — 5 V, the diode will be reverse biased. It will 
offer high resistance in comparison to resistance Rin 
series, Now, junction diode appears in open circuit. The 
input waveform is then passed on to the output 
terminals, 


The output waveform is shown here in the figure 
Voltage 


Refer to text on page 529. 


(i) Refer to text on page 532. 


(ii) Refer to text on page 531. 


. Refer to text on page 530. 

. Refer to text on pages 531 and 532. 

. Refer to text on page 532. 

. A rectifier is used to convert alternating current into 


direct current, whose labelled circuit is given below. 


tap xX 
D, : Re Output 
J Y 


Circuit diagram of full wave rectifier 
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Working 


31. 


32. 


During the positive half cycle of the input AC, the diode 
D, is forward biased and the diode D, is reverse biased. 
The forward current flows through diode D,. 

During the negative half cycle of the input AC, the 
diode D, is reverse biased and diode D, is forward 
biased. Thus, current flows through diode D,. Thus, we 
find that during both the halves, current flows in the 
same direction. 


Input 


Input 
form atB waveform atA 
is} 


3 A} 
es a a 
> __ Due to! Due to! Due to! Due to! 
Ohi Deb | Oe | 

af LAIR AI 

rt] NINN 

g 

6—0 1 
g£ 
3 
g 
= 


As, semiconductor A is doped with indium, so it behaves 
as p-type semiconductor and B is doped with arsenic, so it 
behaves as n-type semiconductor. Thus, the figure shows 
that it is forward bias condition, 

When intrinsic semiconductor (Ge) is doped with 
impurity atoms of antimony (Sb), which is a pentavalent 
atom, the extrinsic semiconductor so formed is of mtype. 
The energy band diagram for n-type semiconductor 
In extrinsic semiconductors, additional energy states 
due to donor impurities (E)) also exist. In the energy 
band diagram of n-type semiconductor, the donor 
energy level E> is slightly below the bottom E, of 
conduction band and the electrons from this level move 
into conduction band with very small supply of energy, 


Ep(Donor energy 


=0.01eV E level) 


Electron energy 


. 
T>0K 


In mtype semiconductor, the majority charge carriers 
are electrons. 
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33. 


34. 


35. 


36. 


37. 


38. 


39. 


40. 


(a) Refer to text on Page 526. 
(b) Refer to text on Page 526, 
Refer to text on page 530, 


On applying forward bias, the width of the depletion 
tegion decreases. 

mtype semiconductor is formed by doping it 

with pentavalent impurities. These impurities or dopant 
takes the atoms in the crystal and its four electrons take 
part in chemical bonding with four electrons of intrinsic 
semiconductor or pure semiconductor, Whereas the last 
electrons are left free. Since, as whole atom is 
electrically neutral, so n-type semiconductor is also 
neutral. 

(i) Refer to text on page 530, 

(ii) (a) Refer to text on Page 531, 

(b) Refer to text on pages 531 and 532. 
(i) X-Half wave rectifier 
Y-Full wave rectifier. 
(ii) Refer to text on pages 532 and 533, 
(iii) Refer to text on Pages 532 and 533. 


According to the question, 


Dy 20 
A> WB 
0, 20 
r) #1 WwW Ic 
= 12 
eb 44 —-__wy_l- 

6v 


The separation of impurity energy level from 
conduction band is less in case of n-type semiconductor 
and more in case of p-type semiconductor. As, energy 
separation of impurity is 30 x 10° eV is much smaller 
than energy gap of pure semiconductor, ie. E = 1 eV. 
Therefore, the doped semiconductor is n-type. 

E, =30x10" eV=kT 


E, _ 30107 
T=—= =34802K 
= k 8.62 x10% 
Given, V=0.4V 
(i) d=4x10"m,E =? 
Vv 6 
i ‘df= — = =1%10° V/m 
Electric fiel a isle 


(ii) v, = 4x10" mis, v, =? 
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ev, be the speed of electron when it enters 
The depletion layer and vj \be the seed sven i 
comes out of the depletion layer. 
According to principle of conservation of energy, 
KE before entering the depletion layer = Gain in pE 
+ KE after crossing the depletion layer 


1 
= J avi =exV+4mv} 
2 2 
4 x01 x10 x (4x10)? 
2 


1 he 
=1.6x 107 0445 x91 x10 x yi 


vy =1.3910° m/s 


41. Given, forward biased resistance = 25 Q 


42. 


43. 


Reverse biased resistance = ce 


As the diode in branch CD is in reverse biased which 
having resistance infinite, 

So, I, =0 

Resistance in branch AB = 25 +125 = 150 Q (say R, ) 
Resistance in branch EF = 25 +125 =150 Q (say R,) 
ABis parallel to EF. 

Jeph 


ern 


150 150 


1 
So, resultant resistance, — 


=> R'=75Q 
Total resistance, R= R’ + 25=75 + 25=100Q 


Current, 1, =0.05A 
R100 

helt+htl, {here, I, =0) 
So, I; 
Here, the resistances R, and R, are same, 
ie, Wet, 

J, =2ly 
> 4 = “ = 0.025 A and I,= 0.025 A 
Thus, 1, = 0.05 A, 1, = 0.025 A, I,=0 
and 1, = 0.0254 


Given, input frequency = 50 Hz 
For a half-wave rectifier, the output frequency is equal 
to the input frequency, 
“+ Output frequency = 50 Hz 
For a full wave rectifier, 
the input frequency. 

“ Output frequency = 2x 59 = 100 Hz, 
As, concentration of Si atom = § 10% 


the output frequency is twice 


/m* 
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-. Concentration of acceptor atoms, 

my, = 5X10 x10" = 5x10"/m? 
Intrinsic carrier concentration, n =1.5 x 10'° /m* 
«. Hole concentration is increased, 
my _ 5x10" 


= ag = 3:33 x10° 
n 15x10 


New electron concentration, 
ne _ (15x10) 


is — = 0.4510" /m* 
m = 5x10" 
Electron concentration has been reduced 
5x10" 
= 2 XO 535 x 108 /m? 
n, 0.4510 


This means that the hole concentration has been 
increased over its intrinsic concentration by the same 
amount with which the electron concentration has been 
decreased. 


The conductivity of doped silicon is given by 
o=e(n,H, +mH,) 
= 1.6107 (0.45 x10" x 0.135 +5 x 10™ 0.048) 


= 384 S/m 
1 i 
Resistivity, p = —=—— = 00026 Q-m 
esistivity, P= T= 
Conductivity of pure Si crystal, 


o =en(H, +H,) = 16x10" x1.5x10"(0.135 +0.048) 
= 04392x10°S /m 
1 


Resistivity, p =— =—————_ 
zie 0.4392 x 10° 


= 2276.8 Q-m 


Thus, we see that the conductivity of Si doped within 
become much greater than its intrinsic conductivity 
and the resistivity has become much smaller than the 
intrinsic resistivity. 


SUMMARY 


Semiconductors are the basic material used in the present 
Solid state electronic devices like diode, transistor, ICs etc. 
Metal have low resistivity (10°? to 10°8 Q-m), insulators have 
very high resistivity (10° Q-m) while semiconductors have 
intermediately values of resistivity. 

Valence Band is the energy band, which includes the energy 
levels of the valence electrons, This band may be partially or 
complete filled with electrons 

Conduction Band is the energy band above the valence 
band. At room temperature, this band is either empty or 
partially filled with electrons. 

The minimum energy required for shifting electrons from 
valence band to conduction band is called energy band gap. 
Fermi Energy is the maximum possible energy possessed by 
free electrons of a material at absolute zero ternperature. 

An intrinsic semiconductor is also called an undoped 
semiconductor or i-type semiconductor. 

Extrinsic Semiconductor Those semiconductors in which 
‘some impurity atoms are embedded are known as extrinsic 
semiconductor. 

Inn-type semiconductors n, 2m, while in p-type 
semiconductors n, > > ny. 


n-type semiconductor Si or Ge is obtained by doping with 
pentavalent atoms (donors) like As, Sb, P, etc., while p-type si 
or Ge can be oblained by doping with trivalent atom like B, Al, 
In, etc. 

In all cases, n,n, =n? further the material possesses an overall 
charge neutrality. 

A p-njunction is an arrangement made by a close contact of 
n-type semiconductor and p-type semiconductor. 

The region on either side of the junction which becomes 
depleted (free) from the mobile charge carriers is called 
depletion region. 

The potential difference developed across the depletion region 


. Is called the potential barrier. 


Asemiconductor diode is basically a p-n junction with 
metallic contacts provided at the ends for the application of an 
external voltage. 


In forward bias (-side is connected to negative terminal of the 
battery and p-side is connected to positive), the barrier is 
decreased while the barrier increases in reverse bias. Hence, 
forward bias current is more (mA) while it is very small (WA) ina 
pn junction diode. 


Diodes can be used for rectifying an AC voltage. With the help 
of a capacitor or a suitable filter, a DC voltage can be obtained 
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PRACTICE 
(UNSOLVED) 


OBJECTIVE Type Questions 


{. Inann-type silicon, which of the following 

statements is correct? 

(a) Electrons are majority charge carriers and 
trivalent atoms are the dopants 

(b) Electrons are minority charge carriers and 
pentavalent atoms are the dopants 

(c) Holes are minority charge carriers and 
pentavalent atoms are the dopants 

(4) Holes are majority charge carriers and trivalent 
atoms are the dopants 


2. Inan unbiased p-n junction, holes diffuse from 

the p-region to n-region because 

(a) free electrons in the nregion attract them 

(b) they moves across the junction by the potential 
difference 

(c) hole concentration in p-region is more as 
compared to hole concentration in r-region 

(d) All of the above 


3. The potential barrier of germanium diode is 
(a) 0.1V (b) 0.3 V 
()05V (d07V 


4. Which of these graphs shows potential 
difference between p-side and n-side of a p-n 
junction in equilibrium? 


(a) p-side n-side (b) p-side 
Wside 
Junction Junction 
plane plane 


(c) pside 
n-side 
-Junction 


plane 


(@) pside 


n-side 


Junction 
plane 


5. Ifreverse biasing potential is increased beyond a 
certain critical (breakdown) value, then 
(a) diode gets destroyed due to overheating 
(b) no current flows through the diode 
(c) after breakdown a heavy current flows from p to 
n-side 
(a) potential barrier becomes zero 


6. Which is reverse biased diode? 


@) a (oY 
ay -10V 


(d) 20V 
10V Sv 


7. The diode shown in the circuit is a silicon diode. 
The potential difference between the points A 


and B will be 
22 S, 
A & 8 
L 
evi 
(a) 6V () O6V =) O7V (d) ov 


8. The current through an ideal p-n junction shown 
in the following circuit diagram will be 


p,,n_ 1002 
ihe av T 
(a) zero ; (b) ImA 
(©) 10mA (d) 30mA 


VERY SHORT ANSWER Type Questions 


9. At what temperature would an intrinsic 
semiconductor behave like a perfect insulator? 
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10. 


What type of charge carriers are there in an 
n-type semiconductor? 


il, 


What do you mean by dynamic resistance of 
a p-n junction diode? 

Which one of the two diodes D, and D, in 
the given figure is 


12. 


(i) forward biased? (ii) reverse biased 


SHORT ANSWER Type Question 


13. Assuming that the resistances of the meters 
are negligible, what will be the readings of 
the ammeters A, and A, in the circuit shown 


in figure? 
209 
He 
202 
@) Ws 


LONG ANSWER Type I Question — 


14. Distinguish between an intrinsic 
semiconductor and p-type semiconductor, 
Give reason, why a p-type semiconductor 
crystal is electrically neutral, although 
ny, >> 1,2 
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LONG ANSWER Type II Question 


a raw a typical shape of the V-/ characteristics 
es ae pn junction diode both in (i) forward (b) 
reverse bias configuration. How do we infer 
from these characteristics that a diode can be 
used to rectify alternating voltages. 

(ii) Draw the circuit diagram of a full wave rectifier 
using a centre tap transformer and two p-n 
junction diodes. Give a brief description of the 
marking of this circuit. 


| ANSWERS | 


L 2.0 3. (6) 4 (0) 5. (9) 

6. (b) 7. (@) 8. (a) 

9. At OK, intrinsic semiconductor behaves like a perfect 
insulator. 


10. Majority charge carriers are electrons and minority charge 
carriers are holes. 


IL. It is the ratio of small change in voltage to the small change 


in current produced, r, =~ 
Ar 


12. (iD, 
13. 


(i) D, 


In the given circuit, the diode is reverse biased . In the 


upper port of the circuit, no current flows through the 
upper resistance. 


Reading of ammeter, A, = 0 


Reading ofammeter, A, =. =92a 
is 


14. Refer to text on Pages 527 and 528, 


15. (i) Refer to text on pages 531 and 532. 


(ii) Refer to text on page 532, 


sAMPLE QUESTION PAPER 1 


|, HIGHLY SIMULATED SAMPLE QUESTION PAPER FOR CBSE CLASS XII EXAMINATIONS 


PHYSICS cutty sotvep) 


GENERAL INSTRUCTIONS 


4, All questions are compulsory. There are 33 questions in all. 
2. This question paper has five sections: Section A, Section B, Section C, Section D and Section E. 


3, Section A contains ten very short answer questions and four assertion reasoning MCQs of 1 mark 
each, Section B has two case based questions of 4 marks each, Section C contains nine short answer 
questions of 2 marks each, Section D contains five short answer questions of 3 marks each and 
Section E contains three long answer questions of 5 marks each. 


4, There is no overall choice. However internal choice is provided. You have to attempt only one of the 


choices in such questions. 


TIME : 33 HOURS 


SECTION-A 


All questions are compulsory. In case of internal 
choices, attempt anyone of them. 


1. A photon and an electron have the same 
de-Broglie wavelength, which one has higher 
total energy? 


2. Name any one method by which eddy currents 
can be minimised in the metal core of 
transformer.on which coils are wound. 

Or 
Find the self-inductance of a coil, in which 
magnetic flux of 40 mWb is produced when 2A 
current flows through it. 


3. When a ray is refracted from one medium to. 
another, the wavelength changes from 6000 A 
to 4000 A. Find the critical angle for the 
interface. 


4. Write any two distinguishing features between 
conductors, semiconductors and insulators on 
the basis of energy band diagrams. 


5. A magnet of magnetic moment 2.5 An’, 
weighs 66g. If the density of the material of 


6 


~ 


~ 
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the magnet is 7500 kg m~, then find the 
intensity of magnetisation. 

or 
An electron moves in a circular path of 
radius 15 cm in a magnetic field of 4 G, Find 
the velocity of the electron in this field. 


Four nuclei of an element undergo fusion 
to form a heavier nucleus, with release of 
energy. Which of the two—the parent or 
the daughter nucleus—would have higher 
binding energy per nucleon? 

or 
If the orbital radius of the electron in a 
hydrogen atom is 4.7 x 10" m. Compute 
the kinetic energy of the electron in 
hydrogen atom. 


In photoelectric effect, if the intensity of 
light is doubled, then what will be the 
change in maximum kinetic energy of 
photoelectrons? 


When a charged capacitor is disconnected 
from a battery and if its plates are 
separated further, then find the change in 
its potential energy. 
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9. What is the frequency range of visible rays? SECTION iybceedt 
10.4 * n a Fi 4 Questions 15 and 16 are case study base WUeStiong 

1. p-n Junction diode is forward biased. and are compulsory. Allempt any 4 sub parts from 

Write the effect on its potential barrier. each question. Each question carriers 1 mark, 
or 
‘ ‘tric Pulse 

What do you mean by reverse current in pn Hlectri AQ 
junction’ diode? 15. We define average current as I,, = rs and 


For question numbers 11, 12, 13 and 14, two 
statements are given-one labelled 
Assertion (A) and the other labelled 
Reason (R). Select the correct answer to these 
questions from the codes (a), (b), (c) and (d) as 
given below. 
(a) Both A and R are true and R is the correct 
explanation of A. 
(b) Both A and R are true but Ris not the correct 
explanation of A. 
(c) A is true but R is false. 
(d) A is false and R is also false. 


11. Assertion If a proton and an o-particle 
enter a uniform magnetic field 
perpendicularly with the same speed, the 
time period of revolution of o-particle is 
double than that of proton. 

Reason In a magnetic field, the period of 
revolution at a charged particle is directly 
proportional to the mass of the particle and 
inversely proportional to the charge of 
particle. 


12. Assertion If the inner solenoid was much 
shorter than (and placed well inside) the 
outer solenoid, then we could still have 
calculated the flux linkage V,o,. 

Reason The inner solenoid is effectively 
immersed in a uniform magnetic field due to 
the outer solenoid. 


13. Assertion Propagation of light through an 
optical fibre is due to total internal 
teflection taking place at the core-clade 
interface. 

Reason Refractive index of the material of 
the core of the optical fibre is greater than 
that of air. 

14. Assertion Photocell is also called electric 
eye. r 
Reason Photocell can see the things placed 
infront of it. 


a. 
instantaneous current as J = Obviously, 


Q= frat. Further, electric energy delivered 
per unit time by a source, i.e. power, 
P= ee where AEF is the energy delivered by 


the source in time At. 

In a certain accelerator, electrons emerge 
with energies of 40.0 MeV (1MeV 

=160 x 10~"'J). The electrons do not emerge 
in steady stream, but in pulses that repeat 
250 times per second. 


200 ns 
4.00 ms prs. 
i 
—>t(s) 


This corresponds to a time between each 
pulse of 4.00 ms in figure. Each pulse lasts 
for 200 ns and the electrons in the pulse 
constitute a current of 250 mA. The current 
is zero between the pulses. While the pulse 
is ON, the current is constant. 
(i) Which of the following relation is 
correct for conductivity o of solid 
conductor? 


f@o=%, 


(ii) The charge delivered by the acceleration 
Per pulse is 
(a) 5.00x 10% ¢ (b) 5.00x 10-8 c 
(C) 10.00x 10% ¢ (d) 10.00x 10% ¢ 


sAMPLE QUESTION PAPER 1 


(iii) The number of electrons delivered per, 
pulse is 
(a) 6x10" (b) 6 x 10° 
(©) 3.13x 10" (0) 3.13x 1078 


(iv) The average current delivered by the 
acceleration is 
(a) 125A (b) 12.5mA 
() 12.5 pA (0) 125A 

(v) The maximum power delivered by the 
electron beam is 
(2) 100 W 
(c) 1MW 


(b) 10 kW 
(d) 10 MW 


Total Internal Reflection 


16. Total internal reflection is the phenomenon 
of reflection of light into denser medium at 
the interface of denser medium with a rarer 
medium. Light must travel from denser to 
rarer and angle of incidence in denser 
medium must be greater than critical angle 
(i,) for the pair of media in contact, we can 


show [= 


' Water-air 
| interface 


Totally 


Denser reflected ray 


mec 
(wi 
(weer i, } reflected rays 


(i) In total internal reflection, 

(a) light ray travelling through a denser 
medium is completely reflected back to 
denser medium 

(b) light ray travelling through a denser 
medium is completely refracted to rarer 
medium 

(C) light ray is partially reflected back to 
denser medium and parlially refracted to 
rarer medium 

(d) light ray is absorbed completely by denser 
medium 

(ii) Total internal reflection of a light ray 
travelling from denser medium to rarer 
medium occurs only when angle of 
incidence is 

(a) 45° 

(b) 90° 

(c) acute 

(d) more than a certain value 
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(iii) Critical angle for water-air interface is 
48.6°, What is the refractive index of 


water? 
(a) 1 (b) 3/2 
(c) 4/3 (d) 3/4 


(iv) Light is travelling from air to water at 
Zi=50°, which is greater than critical 
angle for air-water interface. What 
fraction of light will be totally 


reflected? 
(a) 100% (b) 50% 
(c) 25% (d) None of these 


(v) Critical angle for glass-air interface 
where refractive index p1 of glass is 3/2 
is 


(a) 41.8° (b) 60° 
() 30° (d) 443° 
SECTION-C 


All questions are compulsory. In case of internal 
choices, attempt anyone. 


17. 4 germanium p-n junction diode is 
connected to a battery with milliammeter in 
series. What should be the minimum voltage 
of battery, so that current may flow in the 
circuit? What happens, if the diode is now 
made of silicon? Give reason for your answer. 


18. Ina region of uniform magnetic induction 
B=10~ T,a circular coil of radius 30 cm and 
resistance n°Q is rotated about an axis 
which is perpendicular to the direction of B 
and which forms a diameter of the coil. If 
the coil rotates at 200 rpm, find the 
amplitude of the alternating current induced 
in the coil. 

Or A coil Q is connected to low voltage bulb B 
and placed near another coil P as shown in 
the figure. Give reasons to explain the 
following observations. 


(i) The bulb B lights. 
(ii) Bulb gets dimmer, if the coil Q is moved 


towards left. 
‘AC source 
2 © 
TOTTI 
—0 P 


: 
w 
{) 
Sh 
les} 4 
oF 


FULLY SOLVED 
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19. Suppose that, the electric field part of an 
electromagnetic wave in vacuum is 
E=(3.1N/C) cos[(1.8 rad /m)y 
+5.4x 10° rad/s)t}i 
(i) What is the direction of propagation? 
(ii) What is the wavelength 2? 

20. As the switch S is closed in the circuit 
shown in figure below, then find current 
passed through it 

10V, 492 ¢ 20° 5y 


22. 


s 
or 
Three materials A, B and C have electrical 
conductivities 6, 20 and 2c, respectively. 
Their number densities of free electrons are 


n, 2n and n, respectively. For which material, 
is the average collision time of free electrons 


maximum ? 
21. Write some important properties of electric 
field lines. 
or 
Rank the Gaussian surfaces as shown in the 
figure. In order of increasing electric flux, 
starting with the most negative, 


22, (i) Which lens is used as a magnifying lens? 


(ii) Raghav’s grandfather was using 
spectacles of power — 1D for distant 
vision. Now, he also needs to use 
reading glass of +0.2D. Explain it. 


23, Two electric bulbs P and Q have their 
resistances in the ratio of 1; 2. They are 
connected in series across a battery. Find 
the ratio of the power dissipation in these 
bulbs. 
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. wavelengths of sodium light 590 nm, 
ie 96 nm are used in tum to study the 

diffraction taking place at a single slit 
aperture 2x 10~* cm. The distance between 
the slit and the screen is 1.5 m. Calculate 
the separation between the Positions of first 
maximum of the diffraction pattern obtaineg 
in the two cases. 


25. The mass of a nucleus is less than the sum 
of the masses of constituent neutrons and 
protons. Comment. 


SECTION-D 


All questions are compulsory. In case of internal 
choices, altempt anyone. 


26. Hydrogen spectrum consists of discrete 


bright lines in a dark background and it is 
specifically known as hydrogen emission 
spectrum.There is one more type of 
hydrogen spectrum that exists where we get 
dark lines on the bright background, which 
is known as absorption spectrum. 

Line spectra of the hydrogen atom is given 
below, whose series limit corresponds to the 
wavelength for n =o, 


lonised atom Series imt 


= A 
T__ Brackett a 
Paschon series a 
Series, ‘ 


° 
' 

2 

3 

u Bakar mind 
: sores Blind 
; 

H 

A 


Energy level (eV) 


tL 
J tyman net 
sree 


By using above spectra, write the expression 
for the series limit for all the series obtained. 
Or (i) Using Bohr’s second postulate of 

quantisation of orbital angular 
momentum, show that the circumference 
of the electron in the nth orbital state 
in H-atom is n-times the de-Broglie 
Wavelength associated with it. 

(i) The electron in H-atom is initially in the 
third excited state, What is the 
Maximum number of spectral lines 
which can be emitted when it finally 
moves to the ground state? 


sAMPLE QUESTION PAPER 1 


\ 97, A circular coil of 200 tus and radius 10 cm 
is placed in a uniform magnetic field of 0.5 
T, parallel to the plane of the coil. If the 
current in the coil is 3 A, then calculate the 
(i) total torque on the coil, 
(ii) total force on the coil and 


(iii) average force on each electron in the 
coil, due to the magnetic field. 

Assume the area of cross-section of the wire 

to be 10° m? and the free electron density 

is 10% m->. 

28, What are extrinsic semiconductors? On the 
basis of valence band model, explain how 
can a pure semiconductor of Ge or Si be 
converted into n-type semiconductor? 

99, (i) How does the choke coil help in the 

working of tubelight? 

(ii) What is the effective resistance of a 
choke coil? 

(iii) How can one reduces high frequency 
alternating current? What should be 
changed to reduce low frequency AC ? 


80. Describe a photo-cell and mention few of its 
applications. 
or 
What are the observations made from the 
expression of de-Broglie wavelength? 


SECTION-E 


All questions are compulsory. In case of internal 
choices, attempt anyone. 


81. (i) A point charge is placed at the centre of 
spherical gaussian surface. How will the 
electric flux @ change, if 

(a) the sphere is replaced by a cube of 
same or different volume? 
(b) a second charge is placed near and 
outside the original sphere? 
(c) the original charge is replaced by an 
electric dipole? 
(ii) Two point charges q, = 3yC and 
Q, =—3HC are located 20 cm apart in 
vacuum, What is the electric field and 
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its direction at the mid-point 0 of the 
line AB joining the two charges? 

Or (i) A molecule of a substance has a 
permanent electric dipole moment of 
magnitude 10°*°C-m. A mole of this 
substance is polarised (at low 
temperature) by applying a strong 
electrostatic field of magnitude 
10° Vm~'. The direction of the field is 
suddenly changed by an angle of 60°. 
Calculate the heat released by the 
substance in aligning its dipoles along 
the new direction of the field. 


(ii) A capacitor of 2uF is charged as shown 
in the figure. When the switch S is 
turned to position 2, then find the 
percentage of its stored energy 
dissipated, 


32. (i) Unpolarised light is passed through a 
polaroid P,. When this polarised beam 
passes through another polaroid P, and if 
the pass axis of P, makes an angle @ with 
the pass axis of P,, then write the 
expression for the polarised beam passing 
through P,. Draw a plot showing the 
variation of intensity, when @ varies from 
0 to 2n. 

(ii) What do you understand by sign 
convention in measuring distances for 
lenses? Write it in your own words. 

Or (i) A ray of light falls on a transparent — 
sphere with centre C as shown in the 
figure. The ray emerges from the sphere 
parallel to the line AB. Find the angle of 
refraction of A, if the refractive index of 
material of sphere is V3. Also draw the 
refracted ray in the given figure. 
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(ii) The image obtained with a convex lens 
is erect and its lengtli is four times the 
length of the object. 

If the focal length of the lens is 20 cm, 
calculate the object and image 
distances. 


33. (i) A solenoid of length 0.5 m has'a radius 
of 1 cm and is made up of 500 turns. It 
carries a current of 5A. What is the 
magnetic field inside the solenoid? 

(ii) A solenoid of length 1.0 m and 3.0 cm 
diameter has 5 layers of windings of 850 
turns each and carries a current of 5 A. 
What is the magnetic field at the centre 
of solenoid? Also, calculate the 
Magnetic flux from a cross-section of 
the magnetic flux solenoid at the centre 
of solenoid. 
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(iii) Two long parallel straight wires A and p 
carrying currents of 4.0 A and 5.0 Ain 
same direction separated by a distance 
of 4x10~’ m. Calculate the force on a 
0.20 m section of wire A and its 
direction. 

Or 


(i) The earth’s magnetic induction ata 
certain point is 7x 10°° Wbm™?. This 
is to be annulled by the magnetic 
induction at the centre of a circular 
conducting loop of radius 5 cm. Find the 


required current in the loop. 

(ii) Is it possible to have a magnetic field 
configuration with three poles? 

Also, if magnetic monopoles existed, 
how would Gauss’s law of magnetism be 
modified? 

(iii) A solenoid has core of a material with 
relative permeability 400. The windings 
of the solenoid are insulated from the 
core and carry a current of 2A. 

If the number of turns is 1000 per 
metre, calculate (a) H and (b) M. 


SOLUTIONS 


1. Total energy of an electron, E, = me? 
Total energy of a photon, Ey = i 


de-Broglie wavelength of electron of mass m moving 
with velocity v, 


fete 
my 
h 
m= 
zs 7 
2 _ ho® 
-. Energy of an electron, &, = mc? = ara 
to? 
Laer Ca 
— he vy 
a 
” Asc >> v, therefore the total energy of electron is 
more than the tolal energy of photon. oN 
2. Eddy currents are minimised by using laminations 
of metal to make a metal core. [12] 


This laminations reduces the Strength of the eddy 
Current, So, the dissipation of the strength of electric 
Current or heat loss is substantially reduced. [1/2] 


Or 
Here, @ = 40 mWb = 40 x 10-9 Wb 
and /=2A 
Sell-inductance, L = % 
I [12] 
_ 40x10 2 
eT 2x10 Wb tel 
1 
3. As, itp = —_ 
me sinc 
Se 
Hi Ag sinc [1/2] 
6000 4 
4000 sinc 


or C= im() 
3 [2] 


SAMPLE QUESTION PAPER 1 


4. Conductor (Metal) In conductor, eilher there is no 
energy gap between the conduction band which is 
partially filed with electrons and valence band or the 
conduction band and valence band overlap each 
other. 

Thus, many electrons from below the fermi level can 
shift to higher energy levels above the fermi level in 

the conduction band and behave as free 

electrons by acquiring a little more energy fram any 
other sources. 


Conduction Conduction 
| Electron Lband band ea 
band) 8 

Bg 

58 

For metals os 


Insulator In insulator, the valence band is 
completely filled, the conduction band is completely 
empty. In this, energy gap is quite large and even 
energy from any other source cannot help electrons 
to overcome it 


Thus, electrons are bound to valence band and are 
not free to move. Hence, electric conduction is not 
Possible in this type of material 

Empty conduction band 


Ec 


E,>3eV 


Electron energy 


Ey Valence 
band 


Semiconductor In semiconductor, the valence 
band is totally filled and the conduction band is 
empty but the energy gap between conduction 
band and valence band, unlike insulators is very 
small. 


Thus, at room temperature, some electrons in the 
valence band acquire thermal energy greater than 
energy band gap and jump over to the conduction 
band where they are free to move under the 
influence of even a small electric field and acquire 
small conductivity, 


——————s 


5 Conduction 
§ band 
& 
5 E,<3ev 
g 
be F Valence band 
3 
5. Volume = —Mass_ _ 66x 10 kg 


Density 7500 kgm? _ [2 
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5 
86x10" 3 
5 
m 25 
Magnetisation, M = — =——~ 
e Vo 66 x 10° 
75 
= 2.84 x 10° Am (12) 
Or 
As ya 015% 16 x10"? x 4x10 
‘ m 9x10?! [1/2] 
= 107 x10" m/s (12 


6. According to question, 
42x48 


(Parent nuclei) 


—  7Y*+0 

(Daughter nucleus) 
As the daughter nucleus is a heavier nucleus as 
compared to parent nuclei, which are more stable 
than lighter nuclei, hence daughter nucleus has 
mare binding energy per nucleon than parent 
nuclei. 

Or 

* Given, orbital radius, r= 47 x 107"! m 

Kinetic energy, 


e® _ (9x10? Nm?/C%) (1.6 x 10°C)? 


© Bre gr (2)(47 x10 Mm) f119 
=2.45x 1078 J 

=2.45x 10-16 x 10"? eV 

=153eV [v2] 


7. The maximum kinetic energy of emitted 
photoelectrons depends on the frequency of 
radiation source and nature of the material of plate, 
but is independent of the intensity of light, 

So, it will remain unchanged. WW 

8, When a charged capacitor is disconnected froma 


battery and if its plates are separated further, then 
ts potential energy will rise. 


Since, charge, Q = constant 
Qo” 
\d potential energy, E = — = —— 
ene Po ME OG = BEA 
where, d is the separation between the plates. 
So, Exd 
Thus, with the increase ind, E also increases/rises. 
2] 


U2) 


9. The frequency range of visible rays is 


f 14 
4x10" Hz to 8 x 10"'Hz. 1 


= 
= 
e 
= 
wa 
S 
= 
les! 
o 


= 
a 
eS 
5 
wW 
s 
5 
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10. As p-n junction diode is forward biased, so the 


applied voltage opposes the barrier voltage. Due to 
this, the potential barrier across the junction Is 
lowered. i 


Or 
When a diode is reversed biased, then very small 
Current due to minority charge carrier flows across 
the junction. This current is called reverse current. [1] 


11.(a) Time period, T= 2" 7.7 
Bq 


“GQ, 


= Ty =2I, 


Therefore, both A and R are true and R is the correct 
explanation of A. ny 


12. (a) Ifthe inner solenoid was much shorter than (and 
Placed well inside) the outer solenoid, then we 
could still have calculated the flux linkage Noy 
because the inner solenoid is effectively immersed 
in a uniform magnetic field due to the outer 


solenoid. 
‘Therefore, both A and R are true and Ris the correct 
explanation of A. a) 


13. (b) Optical fibre communication is based on the 
phenomenon of total internal relection at core-clad 
interface. 

The refractive index of the material of core is higher 
than that of the cladding, hence light striking at 
Core-cladding interface gets totally internally 
feflected. The light undergoes repeated total internal 
reflection and reaches the other end of the fibre. 
Therefore, both A and R are true but Ris not the 
correct explanation of A. t) 

14. (c) Photocell is technical application of the 
Photoelectric effect. It is a device which converts 
light energy into electric energy. It Is also called an 
electric eye. Photocell are used in the reproduction 
of sound in motion picture and in the television 
camera 


Therefore, A is true but R is false. ay 
15. (i) (a) The correct relation of conductivily of a solid 
ne 
conductor iso = —t1, 
m 


ti] 
(ii) (0) Here, current, / = 250 x 10°3A 


Time, 1 =200 ns =200 x 10s 
So, charge delivered by the acceleration per pulse 


p= Louse 
t 


ie, 


| AllZnone | PHYSICS Class 124); 


-3, 9, 
29 Qpuise = lt = 250 x107A) (200 % 1078s) 


=6.00x 10°C "1 
(ill) (c) Number of electrons delivered per pulse, 
Qoutse _ 5.00% 10° C 
ne 4.6% 10°C 
=3.13x 10" electron / pulse m 


(iv) (c) Average current delivered by the acceleration, 
25 pA, 
4.00x 10 s 1H 
(v) (d) Maximum power delivered by the electron beam, 


“a 

_(3.13x 10"! electrons /pulse) (40.0 MeV/ electron) 

7 2.00x 10°" s/ pulse 

(6.26 10'° MeV/s) (1.6% 107" J/ Mey) 

.00x 10” W= 10.0 MW rT 

16. (i) (c) In total internal reflection, light travels from an 
optically denser medium to a rarer medium at the 
interface, it is partly reflected back into the same 
medium and partly refracted back to the second 
medium i 

(ii) () When the angle of incidence is more than a 

certain value, the angle of refraction becomes more 
than 90°. It result into total internal reflection (critical 
angle.) i) 


Cli) (©) Critical angle, yp = 1 
sinig 


1 

(iv) (d) Light cannot undergoes total internal reflection 
when it is travelling from air to water, ie. from rarer to 
denser medium. n) 


(¥) (@) From total internal reflection of light, 


As we know that, jt = ets = sini, 
sini " 


As, sin jg =1/ @2)=2 0.6667 


ig =sin“' (0.6867) = 41.6° i 


17, The internal potential barrier of germanium is 0.3 V, 


therefore to overcome this barrier the potential of 
battery should be equal to or More thand.3V. [1] 


Thus, the minimum Voltage of battery = 0.3 V. If the 
diode is made of silicon, then the value of minimum 
Voltage ol battery is 0.7 V, as for silicon the potential 
barrier is 0.7 V, i] 
18. When a coil of V number of turns and area A is 
rotated in external Magnetic field B, magnetic flux 


linked with the coil changes and hence an emf is 
induced in the coil. At an instant t, if e is the emf 


sAMPLE QUESTION PAPER 1 


induced in the coil, then alternating emt induced Is 
given by 
e=esinat fi 
ey _ NBAw 


Maximum current, ig = — = —— 
w= R= 


Given, N=1,B=107T 
r=30cm=03m 
| A=n(0.3)? m? 
\ R=? Q 
= 200 1 


w=2nf =2n (2) 


and 
60 


_ 1x10 x 2 (03)? x 2n x 200 
60x x? 
=6x10°A=6mA ol 
J Or 
() Due to varying current in coil P, the flux linked with P 
changes. Hence, flux linked with coil Q changes, 
which in turn induces an emf in Q. Thus, bulb B 
lights up. [1] 
(i) When Q is moved towards left or away from P, less 
amount of flux change takes place in Q. This leads 
to decrease in the value of rate of change of magnetic 
flux and hence, lesser emf and bulb B gets dimmer. [1] 
19, (i) From the given electric field expression, we can 
say that wave is propagating along negative 


ig 


y-direction or its direction is —]. 1] 
(ii) Comparing the given equation with the standard 
equation, 


E= Eycosl2n(L + «| 


we get, m = 18rad/m 


Qn _2x3i4_ 


or wavelength, A = a ag 35m iH 
20. Let V be the potential at C. 
10V Ac be 5V 
42 ig 2a 
20 
Is 


Using Kirchhoft's first law, fy +i =/3 iu} 
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10=Vab=Ve V0 
4 2 2 
> 10-V +10-2V =2V 
= 5V =20 
= v=4v 
=> — ig=V/2=4/2=2A (q 
Or 
nes 


Conductivity, 6 = —— 
m 
= Relaxation time, r= 22 
ne? 


For material A, t= pel 
ne 


ni 
‘ 20m _ om 
For material B, tg = —==—> 
BT ane? ne? 
For material C, t¢ = aul 
ne’ 
.. From the above relations, we can say that, 
To>ta=Ta fl 


21. Electric field lines follow some important properties 
which are discussed below 
(i) Electric field lines start from positive charges and 
end at negative charges. In the case of a single 
charge, they may start or end at infinity. 
(ii) Tangent to any point on electric field lines shows 
the direction of electric field at that point. tl 
(lil) Two field lines can never intersect each other 
because if they intersect, then two tangents drawn 
at that point will represent two directions of field at 
that point, which is not possible. 
(iv) Ina charge free region, electric field lines can be 
taken to be continuous curves without any 


breaks. i 
Or 

Since, surface D enclosed negative charge, hence it 

has least flux negative. iu] 


In parts C and A, there is zero nat charge, hence flux 
is zero, surface B has most flux, which is positive in 
natura, since it consist positive charge, i.e. +2q. [1] 
22, (i) Converging lens, i.e. convex lens. [1/2] 
(ii) The power of spectacles was 1 D, i.e. for an 
object at infinity, image is formed at 100 cm by 
the lens. 
Power of accommodation gets reduced in old 
age. Generally, the ability of the lens to become 
thick and reduce its focal length (to see nearly 
objects) is lost. So, near vision ts affected, this 


E 
= 
2) 
© 
= 
< 
ley! 
©) 
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Can be corrected by using a convex (converging) 
lens of suitable focal length. 


Here, the reading glass he need is of power + 0.2 
D. This implies his near point has receded to 26.3 
cm from 25 cm. This can be calculated using thin 
lens formula. 


Here, P=+0.2D 
> f=5m=500cm 
also, u=25cem 
Tea Al 1 1_-19 


> —=5-— sta 
v 7 25 500 25 500 
> v=-26.30m 14] 
Given, fe = 4 
Po 2 
Po =2Rp (0) 


In series, power dissipated is given by the relation 
P=PR 
or PeR fu) 
Using Eqs. (i) and (ii), we get 
fo Fp 4 


fy 2Rp 2 w 


24. Here, 2, = 590nm = 590 x 107? m, 


he =596 nm 
= 596 x 10m, 
d=2x10~cm 
=2x10%m 
and D=15m 


Distance of first secondary maximum from the 
centre of the screen, 


For the two wavelengths, we have, 
23M 

2d 
oyu 30h 


and abd t 
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Spacing between the first two maximum of sodium 
lines 


=X =o lea) 
3x15 
“2x2x10° 
=675x 10m 
.75.mm fy 


(596 x 10°? - 590 x 10°) 


25. When nucleons approach each other to forma 


nucleus, they strongly attract each other. Their 
potential energy decreases and becomes negative, 
Itis the potential energy which holds the nucleons 
together in the nucleus. The decrease in PE results 
from the decrease in the mass of nucleons inside 
the nucleons. 2] 
Hence, the mass of the nucleus is less than the sum 
of the masses of constituent neutrons and protons. 


26. The wavelengths of spectral line in these series can 


be expressed by the following formulae 
(i) For Lyman series 


a-A (e-7h) nnere n22,34,.. 
n 


1 
For, N=0,h=— 
mR 


(i) For Balmer series 


1 
Tas R G- ae , where 1 =3,4,5,.... 
n 
4 
For, N=0,A=— 
R 
(\ii) For Paschen series 
1 
res aR (3- ! |, where n=4,5.6,.... 
3 [14] 
For n=0,A= a) 
R 
(v) For Brackett series 
1 1 
re R (4-4 , where n = 5,6,7,... 
For, N=0,), 
(v) For Pfund serles 
1 14 
xe R (s-4 , where n =6,7,8.... 
For, N=0,A= 85 
R [1] 
Or 


() Bohr’s second Postulate states that, the electron 
revolves around the nucleus in certain privileged 


sAMPLE QUESTION PAPER 


orbit which satisfy certain quantum condition that 
angular momentum of an electron is an integral 


multiple of DE where his Planck's constant, 
Tm 


oh 
Le. L=mvr=— 
ie. on 


0] 
where, m = mass of electron, v = velocity of 
| electron and r = radius of orbit of electron. 
| h 
Ne ee amwen (4) 
my 
«. Circumference of electron inn th orbit 
=nx de-Broglie wavelength associated with 
electron fs he ral 
mv 
{1} 
(ii) Given, the electron in H-atom is initially in third 
excited state. 
S n=4 
and the total number of spectral lines of an atom 
that can exist is given by the relation 
_n(n=1) 
yaapis [1/2] 
Here, n=4 
So, number of spectral lines 
4(4-1)_4x3_ 
2 2 
Hence, when a H-atom moves from third excited 
slate to ground state, it emits six spectral lines. [1/2] 
27. Given, N = 200 turns, r= 10cm =0.m,B8=05T, 
@= 90° and I= 3A 


6 


{i) As, t= NAB 
= 200 3 x[n(0.1)?] x 05 bs A= ar? 
=> 1=9.42N-m {1 


{ii) The net magnetic force on circular loop is zero. 
[12] 
(iii) Average force on electron, 
F=(e)(vy) Bsin 90° 
But, /=neAvg 
[where, A= cross-section of the wire] 


1B _ 3x05 
mA 10" x10 
_ 15 
“108 


> F=15x10*N 11%] 
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28. Semiconductors In which some impurity atorns are 
embedded are known as extrinsic or impure 
semiconductors. : 

Extrinsic semiconductors are basically of two types 
{i) n-type semiconductors 
(ii) p-type semiconductors 


n-type Semiconductors 

This type of semiconductor is obtained when 
pentavalent impurity such as phosphorus (P), arsenic 
(As), etc is added to Si or Ge. 

During doping, four electrons of pentavalent atom 
bond with the four silicon neighbours while fifth 
remains very weakly bound to its parent atom. Also 
the ionisation energy required to set this electron free 
is very small. 

Hence, these electrons are almost free to move. In 
other words, we can say that these electrons are 
donated by the impurity atoms. 

So, these are also known as donor atoms and the 
conduction inside the semiconductor will take place 
with the help of the negatively charged electrons. 

Due to this negative charge, these semiconductors 
are known as n-type semiconductors. [2] 
Therefore, major conduction in n-type 
semiconductors is due to electrons. So, electrons are 
known as majority carriers and the holes are known 
as the minority carriers. 

This means, n >> My ly >> Ih 


ot PN e- unbonded tree 


electron donated 
by pentavalent 

(+5 valency) atom 
i 

29. (i) Achoke coil reduces the current in the AC circuit 
without any heat loss. i 

(ii) The effective resistance of a choke coil 
Z=yR? + (wl)? 

+: Choke coll is a L-R device. ol 


(iii) One can control high frequency alternating 
current by using choke coil with air cores, these 
are called rf choke colls. While in case of low 
frequency AC, the core is of laminated soft iron, 


iy 


= 
= 
Se 
= 
2) 
g 
<. 
les! 
U_ 
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30. Itis a device which converts light energy into 
electrical energy. Itis also called an electric eye. As 
the photoelectnc current is set up in the 
Photoelectnc cell corresponding lo incident light, It 
Provides the information about the objects as done 
by our eye in the presence of light. 


Incident 
light 


Collector (Anode) 


Z 
k 


Evacuated 

Emitter glass bulb 
(Cathode) I] 

res yA 


11%] 

A photocell consists of a semi-cylindrical 
photosensitive metal plate C (emitter) and a wire loop 
A (collector) supported in an evacuated glass or 
quartz bulb. When light of suitable wavelength falls 
‘on the emitter C, photoelectrons are emitted. 

Some applications of photocell are given below 

(i) Used in television camera for telecasting scenes 

and in photo telegraphy. 
(ii) Reproduction of sound in cinema film. 
(iii) Used in burglar alarm and fire alarm. (14) 
Or 

According to de-Broglie hypothesis, the wavelength 
of wave associated with moving material particle is 
given by 


ian) 
S 
iS) 
2) 
a 
=| 
=) 
ee 


which is the expression for de-Broglie wavelength. 
From the above expression the following 
observations are made [1] 
(i) The de-Broglie wavelength A « 4 So, if the 


particle moves faster, then the wavelength will be 
smaller and vice-versa. 

(li) If the particle is at rest (v = 0), then the de-Broglie 
wavelength is infinite (A =o). Such a wave 
cannot be visualised. 

(ili) The de-Broglie waves cannot be electromagnetic 
in nature because electromagnetic waves are 
produced by motion of accelerated charged 


particles. 
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(iv) The wavelength of a wave associated with 
moving particle defines a region of uncertainty, 
within which the whereabouts of the particle are 
unknown. 7] 

y =feds=4 
31. (i) By Gauss's law, 6 = fe dS = 
where, g Is the net charge enclosed in the gaussian 
surface. 

(a) $ does not change because it depends only on 
the total charge enclosed by the gaussian surface 
and not on its shape or size. [12] 

(b) $ will not change because the total flux is 

} determined by the charge inside the surface, not 
‘on the charge outside. [1/2] 

(c) @ becomes zero because a dipole consists of two 
equal and opposite charges and so the net 
charge inside the surface is zero. Thus, the fluxis 
also zero. 1 

(i) Given, AB=20cm 


At—— 20 cm———> g, 
2 
W=SuC OE, Es qg=-3uC 


AO =OB=10cm=0.1m 
Qa=3nC=3x10°8C 
Qa=-3pC=-3x10°8C 
The electric field at a point due toa charge q is 
iz q A 
Ane 1? (12) 
where, ris the distance between charge and the 
point. 
Electric field due tog, at O, 
Vaal 
E,=——._UA 
A” “ane (AOE 
£,=9%10°x3x10°§ _27x108 
0.1)? 04x04 
= 2.7.x 10° NG 
The direction of E,i8 Ato O, ie. towards O or 
towards OB as the electric field is always directed 
away from positive charge, a 
Electric field due togg at O, 
Eye 1 lal 
4mey (OB)? 
E, = 9%10° x 3x 10-8 
ip =~“ 
(0.1)? 


SAMPLE QUESTION PAPER 1 


towards OB as the electric field is always directed 
towards the negative charge. 
Now, we see that both E, and Eg are in same 

' direction. $o, the resultant electric field at O is E. 


Hence, E=E,+Eg=27 x 10° +27 x 108 
= 5.4.x 10° NIC 
The direction of E (resultant electric field) will be from 
Oto B or towards B. iP) 
Or 
(i) Here, the dipole moment of each molecule 
= 10 "Cm. 
1 mole of the substance contains 6 x 10° 
molecules. 


Therefore, total dipole moment of all molecules, 
p=6x 10" x10" ®C-m = 6x 10° ®C-m 
Initial potential energy, : 
U=-pEcos0=-6x10°° 
x10® cos 60° = -3J 
Final potential energy (when @ = 0°), 
{finally p and E are aligned in the same direction] 
U,=-6 x 10"® x 10° cos 0° =-6 J 
Change in potential energy 
=-6J-(-3))= -3J 
So, there is a loss in potential energy. This must 
be the energy released by the substances in the 
form of héat in aligning its dipole. [13] 
(ii) Initially, energy stored in the capacitor can be 
givenas = E= deve 
When the switch S is connected to point 2, then 


energy dissipated on connecting across 8 F will 
be ‘ 


Therefore ,% loss of energy 
1. 16,2 


fa =—x—V 

= (E) 00% = 219 x 100%= 80% 
~x2xV? 
2 [2] 


32, 


555 


(i) The figure when unpolarised light beam is passed 
through polaroid light is shown below. 
Unpotarised ioht_p, 


By law of Malus, 


Intensity received after P, ‘cos? 8. a 
Variation of intensity with angle @ is shown below. 
Intensity 
eos i) 
= 0-5 O=n g- E [as iad 
1) 


(i) To derive the relevant formulae for refraction by 
spherical lenses, we must first adopt a sign 
convention for measuring distances as shown 

. below 


Direction of ie 
: irection of 
Heights. | ° incident tight —— 
upwards 
positive fe} (Optical senire} 
Heights | Distances against al 
downwards Jincident light 
negative |negative .¥ Distances slong 
incident tight 
positive 


According to the cartesian sign convention, 

(a) All the distances are measured from the optical 
centre(O) of the lens. 

(b) The principal axis of lens is taken as X-axis and 
optical centre as origin. 

(c) Distances measured in the direction of the 
incident light are taken as positive and opposite 
to the direction of incident light as negative. 

(d) The heights measured upwards with respect to 
X-axis and normal to the principal axis of the lens 
are laken as positive and the heights measured 
downwards are taken as negative. 

Or 


()) Given, i =60° and p = V3 
From Snell's law, we have, 


ini in60° 
SIO yy NOE 
sine sinr 


13) 


1] 


== 
S 
= 
= 
ize) 
e) 
= 
S) 


Qa 
=) 
(S) 
wr 
a 
=| 
=) 
ee 


556 


sinr=0.5 
= r=sin"(05) 
= r=30° fl 
(i) For convex lens For erect image 
u=-vé,v=4ve 


eset t 
Magnification, m= — =— 
2 . Ou 


where, O = length of object 
and = length of image. 
Given, f=+20cm, / = 4x length of object 
ay lee Mg 
oO -u 
=> v=—4u fl 
Using lens formula, 


=u =15¢em,v = 4u=15x 4=60cm 

Distance of the object, u = 15cm 

Distance of the image, v = 60 cm 

The image is on the same side of the object. i] 


33. (i) The number of turns per unil length is 


n= ebm 2 1000 turns/m 
1 05 [1/2] 
The length (/) = 0.5 m and radius (r) = tem = 0.01 m. 
Thus, = I/r = 50, i.e. >> 1. 
Hence, we can use the long solenoid formula, i.e. 
B= onl =4nx 107 x 10° x5 
=6.28x 10°T I 
(i) Number of turns, N = 850 x 5,/=1m,/=5A 
Area of cross-section, 


2 
A=w?=2 (2x10?) m2 
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Magnetic field at the centre of solenoid, 
B=|Ni/I 
= 4m 1077 x (850% 5)x 5/1 
= 2.671% 107T w 
«. Magnetic flux = BA 


2,22 f 
=2.671x 10°x 7 vl 


= 1.89 x 107° Wo tH 
(ii) Given, |, = 4A, lp =5A,d =4% 10% m 
and /=020m 
Force on a current carrying wire, 
Molto! an x10? x4x5 
Po ond axa x dt? 


x 020 


=2x10°N, towards B [1] 
Or 


(i) Magnetic field induced at the centre of a circular 
loop, i.e. 


Hol 
Baho 
ar 
-7 
= 7x19 a 4EX107 x! 
2x5x10% 
~. Current in the circular loop, 
5 
= TX” L564 
4nxio® ny 


(ii) Yes, it is possible to have magnetic field 
Configuration with three poles. It can be done by 
pulling north poles or south poles of two magnets 
together. 


Gauss's law of magnetism can be modified as 
EB-dS =\1ym 
where, m is the strength of the monopole. — [1%] 
(ill) (a) The field His dependent of the material core 
and is expressed as 
H=nl= 1000 x 2.0 = 2x 103 Am! 
(b) Magnetisation, 
M=(B-\toH)/t1 
AS, Baytqight 
Ms (B= pWoH)/jtg 
= (iM oH ~ptoH)/jto 
= (H, -1)H = (400 - 1) x2x108 


=8x 10° Am 7] 


SAMPLE QUESTION PAPER 


A HIGHLY SIMULATED SAMPLE QUESTION PAPER FOR CBSE CLASS XII EXAMINATIONS 


PHYSICS cnsowep 


GENERAL INSTRUCTIONS 


1, All questions are compulsory. There are 33 questions in all. 
2. This question paper has five sections: Section A, Section B, Section C, Section D and Section E. 


3. Section A contains ten very short answer questions and four assertion reasoning MCQs of 1 mark 
each, Section B has two case based questions of 4 marks each, Section C contains nine short answer 
questions of 2 marks each, Section D contains five short answer questions of 3 marks each and 
Section E contains three long answer questions of 5 marks each. 


4, There is no overall choice. However internal choic 
choices in such questions. 


e is provided. You have to attempt only one of the 


TIME : 3 HOURS 


SECTION-A 


All questions are compulsory. In case of internal 
choices, attempt anyone of them. 


1. A telescope consists of two lenses of focal 
lengths 20 cm and 5 cm. Obtain its 
magnifying power when the final image is at 
25 cm from the eye. fAns. - 4.8] 

Or 
A concave lens of focal length 5 cm produces 


an image : times than that of the size of 


the object. Calculate the distance of the 
object from the lens. [Ans.-15 cm] 


2. Electromotive force of primary cell is 2.4 V. 
When cell is short-circuited, then current 
becomes 4 A. What is the internal resistance 
of cell? (Ans. 0.6.2] 


3. Two identical induction coils, each of 
inductance L joined in series are placed very 
close to each other such that the winding 
direction of one is exactly opposite to that 
of other. Find the net inductance. 

Or A copper loop and a silver loop are removed 
from a magnetic field in the same 
time-interval. In which loop will the induced 
emf and induced current be greater? 
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4. What is the electric field intensity at a point 
between two parallel plates with like charges 
of same surface charge densities (c)? [Ans. zero] 

Or 
A parallel plate capacitor is made by 
stacking n equally spaced plates connected 
alternatively, If the capacitance between any 
two adjacent plates is C, then find the 
yesultant capacitance. [Ans.in-0Q 


5. What changes occur in electrical 


conductivity of a pure semiconductor, on 
heating? 


G. What is the number of neutrons in a 


Po" nucleus? [Ans,134] 


7. A platinum wire has resistance of 109 at 
0°C and of 209 at 273°C. Find the 
temperature coefficient of resistance of 


platinum wire, TAns.1/213°C"} 


8. In the following diagram, is the junction 
diode forward biased or reverse biased? 


Vv oR, OO 
i 


il 


| 


= 
S 
= 
is) 


J 
S 
5 
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9. What is the electrostatic potential at the 
Surface of a silver nucleus of diameter . 
12.4 fermi? Atomic number (2) for silver is 
47, [Ans, 109 x 107 V] 
10 


‘A circular coil of 30 turns and radius 8 cm 
Carrying a current of 6 A is suspended 
vertically in a uniform horizontal magnetic 
field of magnitude 1 T. The field lines make 
an angle 60° with the normal of the coil. 
Calculate the magnitude of the counter 
torque that must be applied to prevent the 
coil from tuming. [Ans, 3.13 N-m] 
Or 
A conducting loop carrying a current J is 
placed in a uniform magnetic field pointing 
into the plane of the paper as shown in 
figure. What changes occur in the loop? 


24K 


For question numbers 11, 12, 13 and 14, two 
statements are given-one labelled 
Assertion (A) and the other labelled 
Reason (R). Select the correct answer to these 
questions from the codes (a), (b), (c) and (a) 
as given below. 
(a) Both A and R are true and R is the correct 
explanation of A. 
(b) Both A and R are true but R is not the 
correct explanation of A. 
(c) A is true but R is false. 
(d) A is false and R is also false. 


11. Assertion Magnetism is relativistic in 
nature, i.e. stationary charges do not 
produce magnetic field. 

Reason When we move along the charge 
ie. there is no relative motion, then we 
find no magnetic field associated with the 
charge. 


12. Assertion Inductance coils are made of 
copper. 


Reason Induced current is more in wire 
having less resistance. 
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it are staby 
ssertion Atoms of each elemen able 
i rf) emit characteristic spectrum. 
Reason The spectrum provides useful 
information about the atomic structure, 


Assertion The applied voltage (in forwarg 
bias of a p-n junction) mostly drops across 
the depletion region and the voltage drop 
across the p-side and n-side of the junction is 
negligible. : i 

Reason Resistance of depletion Tegion is 
large compared to resistance of n or p-side, 


14. 


Answers 
we | 2@ | 130) [14@ | 


SECTION-B 


Questions 15 and 16 are case study based questions 
and are compulsory. Altempt any 4 sub parts from 
each question. Each question carries 1 mark. 


Simple Microscope 


15. Microscope is an optical instrument which 
forms large image of close and minute 
objects. A simple microscope is a converging 
lens of small focal length. When an object is 
at a distance less than the focal length of the 
lens, the image obtained is virtual, erect and 
magnified. 

When the object is at a distance equal to the 


focal length of the lens, the image is formed 
at infinity. 
a 


i—____p 1 

(i) A simple microscope has a limited 
maximum magnification 
{a) greater than 9 (b) lesser than 9 
(c) equal to 9 (d) Both (b) and (c) 


—————— 


(ii) In order to increase the angular 
magnification of a simple microscope, 
one should increase 
(a) the object size 
(b) the aperture of the lens 
(c) the focal length of the lens 
(d) the power Of the lens 
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(iii) The image formed by an objective of a 
compound microscope is 
(a) virtual and diminished 
(b) real and diminished 
(c) real and enlarged 
(d) virtual and enlarged 

(iv) The distance between the second focal 
point of the objective f, and first focal 
point of the eyepiece, i.e. f, is called 
(a) tube length 
(b) focal length 
(c) image distance 
(d) radius of curvature 

(v) For compound microscope, f, = 1 cm, 
f, = 2.5 cm. An object is placed at 
distance 1.2 cm from object lens. What 
should be the length of microscope for 
normal adjustment? 


(a) 8.5cm (b) 83cm 
(c) 65cm (d) 63cm 
Photocell 


16. Photocell is a device which converts light 


energy into electrical energy. It is also called 
an electric eye. As, the photoelectric current 
sets up in the photoelectric cell 
corresponding to incident light, it provides 
the information about the objects as has 
been seen by our eye in the presence of 
light. 


Incident 
light 
Collector (Anode) 
Evacuated 
Emitter glass bulb 
(Cathode) 


A photocell consists of a semi-cylindrical 
photosensitive metal plate C (emitter) and a 
wire loop A (collector) supported in an 
evacuated glass or quartz bulb. When light 
of suitable wavelength falls on the emitter 
C, photoelectrons are emitted.- 

(i) A photocell cannot be used ; 

(a) for reproduction of sound in motion pictures 
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(b) in burglar alarms 
(c) as a fire alarm 
(d) to illuminate a room 

(ii) It is observed that no electrons are 
emitted when frequency of light is less 
than a certain minimum frequency. 


This minimum frequency depends on 
(a) potential difference of emitter and collector 
plates 
() distance between collector and the emitter 
plate 
(c) size (area) of the emitter plate 
(d) material of the emitter plate 

(iii) The work function of a metal used in 
photocell is he/X q. If light of wavelength 
4 is incident on its surface, then the 
essential condition for the electron to 
come out from the metal surface is 
(aA 2A 
(b) AZ 2Aq 
(C)ASAQ 
(AA <Ag/2 

(iv) Variation of photoelectric current with 
intensity of light for a photocell is 


S 


Photoelectric 
current 


Intensity of light 


(b) 


Photoelectric 
current 


TY Intensity of light 


() 


Photoelectric 
current 


~T intensity of light 


(@) 


Photoelectric 
current 


Intensity of light 
(v) A photon of energy 3.4 eV is incident on 
a metal surface of a photocell whose 

work function is 2 eV. Maximum kinetic 
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or 


(i) Two wires of equal lengths, one of 


energy of the photoelectron emitted by 
d other of manganin have the 


the metal surface will be 
er an dere 
(a) 14ev one resistance. Which wire will be 
(b) 1.7 eV thicker? 
(c)5.4eV (ii) How does the drift velocity of electrons 
in eeey ina metallic conductor vary with the 
Answers increase in temperature? 


20. What are extrinsic semiconductors? Write the 
names and types of dopants. 

21. The electric potential V as a function of 
distance x is shown in the figure. Construct 
a graph of the electric field strength E 


versus distance x. 


1S. fd Gd Gide (iva Wb 
16. fb fi)d Gide (Md Wa 


SECTION-C 


All questions are compulsory. In case of internal 
choices, attempt anyone. 


17. For spherically symmetrical charge 
distribution with charge density varying as J 
5 x 

P(XX)=Po G “R 

where, x<r,uptor=R 

The electric field at a distance (r < R) comes 
outite be B= PO" (27 2 1 2.3 

4e,\3 R 

Justify the relation obtained. 


18. The bombardment of lithium with protons 
gives rise to the following reaction 


The graph shows the variation of charge ¢ 
versus potential difference V for two 
capacitors, C, andC,. The two capacitors 


TLi + }H—» }He +; He + Energy 

The atomic masses of lithium, hydrogen and 
helium are 7.016 amu, 1.008 amu and 4.004 
amu, respectively. Find the initial energy of 
each helium atom. 

(Take, 1 amu =931 MeV/c’) — [Ans. 7.488 MeV] 


1}. The plot of the variation of potential 


difference across a combination of three 
identical cells in series versus current is as 
shown in the figure. What is the emf of each 
cell? 


1A 


have the same plate separation but the plate 
area of C, is double than that of C,. 
Which of the lines in the graph corresponds 
toC, &C, and why? 

A 


t 
q 


() = 
A small telescope has an objective lens of 
focal length 150 cm and an eyepiece of focal 
length 5 cm. If this telescope is used to view 
a 100 m high tower 3 km away, find the 
height of the final image, when it is formed 
25 cm away from the eyepiece and 
magnification of telescope is 36. 

[Ans. - 30 cm] 
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23. (j) Name the electromagnetic waves which 
(a) maintain the earth's warmth and 
(b) are used in aircraft navigation. 

(ii) To which regions of the electromagnetic 
spectrum do the following wavelength 
belong 
(a) 250 nm (b) 1500 nm 

Or 
Show that the radiation pressure exerted by 
an EM wave of intensity J on a surface kept 


in vacuum is = 


24. (i) Write two characteristic features of 
nuclear force. 
(ii) Draw a plot of potential energy of a pair 
of nucleons as a function of their 
separation. 


25. If light of wavelength, 4 = 4000 A and 
intensity 100 W/m’ incident on a metal 
plate of threshold frequency 5.5 10'* Hz, 
what will be the maximum kinetic energy, 
and work function of photoelectron? 

(Take, h=6.6x 107 Js). [Ans.132 x10] 


SECTION-D 


All questions are compulsory. In case of internal 
choices, attempt anyone. 


26. 4 metallic rod of length / and resistance R is 
rotated with a frequency v, with one end 
hinged at the centre and the other end at 
the circumference of a circular metallic ring 
of radius /, about an axis passing through 
the centre and perpendicular to the plane of 
the ring. A constant and uniform magnetic 
field B parallel to the axis is present 
everywhere. 

(i) Derive the expression for the induced 
emf and the current in the rod. 

(ii) Due to the presence of the current in the 
rod and of the magnetic field, find the 
expression for the magnitude and 
direction of the force acting on this rod. 

Or 

(i) The reactance of a capacitor of 
capacitance C is X. If both the frequency 
and capacitance be doubled, then give 
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the expression of the new reactance of 
circuit. 

(ii) A wire of resistance R is connected in 
series with an inductor of reactance wl, 
then derive the mathematical expression 
of quality factor of RL circuit. 


27. Two convex lenses A and B of an 
astronomical telescope having focal lengths 
5 cm and 20 cm, respectively are arranged as 
shown below 


| 


— 16 cm ——" 


(i) Which one of the two lenses you will 
select as the objective lens and why? 

(ii) What should be the change in the 
distance between the lenses to have the 
telescope in its normal adjustment 
position? [Ans. 10) 

(iii) Calculate the magnitude of magnifying 
power of the telescope in the normal 
adjustment position. [Ans. 4] 


28. The force experienced by a unit charge when 
placed at a distance of 0.10 m from the 
middle of an electric dipole on its axial line 
js 0.025 N and when it is placed at a 
distance of 0.2 m, the force is reduced to 
0.002 N. Calculate the dipole length. 

(Ans. 0.10 m] 
or 
A point charge causes an electric flux 
—3x 10°“ N-m?/C to pass through a 
spherical Gaussian surface. 
(i) Calculate the value of the point charge. 


et 


(Ans. - 2.655 x 10-5] 
(ii) If the radius of the Gaussian surface is 
doubled, how much flux would pass 
through the surface? 


29. 4 p-n junction diode is basically a 
p-n junction with metallic contacts provided 
at the ends for the application of an 
external voltage. It can be biased in two 


UNSOLVED 
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ways, i.e. an external battery can be 
connected to it two ways. One is forward 
biasing in which positive terminal of the 
battery is connected to p-side and negative 
terminal to n-side of the diode. In this large 
amount of current passes through the diode. 
However, the second is reverse biasing in 
which positive terminal of the battery is 
connected to n-side and negative terminal to 
p-side of the diode. In this negligible 
amount of current passes through the diode. 


Now, on the basis of above mentioned 
information, draw an observation in your 
words, when an input waveform as shown in 
Fig. (a) is applied to the circuit as shown in 


Big. (b). 


—— — 
+5 
ov... R 
-5V- 
Fig. (a) Fig. (b) 


30. With the help of a suitable diagram, explain 
in brief about the sensitivity of Wheatstone 
bridge. 


SECTION-E 


All questions are compulsory. In case of internal 
choices, attempt anyone. 


31. Show that the refractive index of the 
material of a prism is given by 


A (A+6,,) 


where, symbols have their usual meanings. 
or 

(i) When the width of the slit is made 
double, how would this effect the size 
and intensity of the central diffraction 
band? Justify your answer with the help 
of diagram. 

(ii) Write three characteristic features to 
differentiate between diffraction and 


interference. 


, (i) The coil area of a galvanometer is 
ad 25x10 m2. It consists of 150 turns of 
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a wire and is in a magnetic field of 
0.15 T. The restoring torque constant of 
the suspension fibre is 10-°N-m per 
degree. 
Assuming the magnetic field to be 
radial, calculate the maximum current 
that can be measured by the 
galvanometer, if the scale can 
accommodate 30° deflection. 
[Ans. 5.3 x10 A] 
(ii) An electron in H-atom circles around the 
proton with a speed 3x 10° ms~ in an 
orbit of radius 6x 10~"*m. 
Calculate 
(a) the equivalent current and 
(b) magnetic field produced at the 
proton. , 
Given, charge on electron is 
1.6x107"C andi, =40 x10” Tma™. 
[Ans. (a) 1.28 x 107 A, (b) 13.47] 


Or 

(i) Write the four important properties of 
the magnetic field lines due to a bar 
magnet. 

(ii) A wire of length Z is bent in the form of 
a circle of radius R and carries current I. 
What is its magnetic moment? 

(iii) A bar magnet of length 0.1 m and a pole 
strength 10-* A-m is placed in a 
magnetic field of 30 Wb/m at an angle 
30°. Determine the couple acting on it. 


33. Figure shown below, shows how the 
reactance of a capacitor varies with 
frequency. 

| Ty 
12. 
10 
8 


Capacitive reactance (X,) 


oN A 


io 300°" 300°" doo 

Frequency (Hz) —» 

(i) Use the information of the graph to 
calculate the value of capacitance of 
capacitor, [Ans. 265x107 Fl 
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(ii) An inductor of inductance L has the angular frequency of. free oscillations of 
same reactance as the capacitor at the circuit? [Ans. 141x107? rads] 


100 Hz. Find the value of L. 


Or 

-3 

Tans, 955x107" H] Draw a labelled diagram of AC generator, 

(iii) Using the same axes, draw a graph of explain its theory and working. An armature 
reactance against the frequency for the coil consists of 20 turns of wire, each of 


inductor given in part (ii). 


; ; : : area, A=0.09m? and total resistance 15 Q 
(iv) If this capacitor and inductor were 


- 5 : rotates in a magnetic field of 0.5T at a 
connected in series to a resistor of 10 9, 7 


what would be the impedance of the constant frequency (150 / 1) Hz. 
combination at 300 Hz? Calculate the value of maximum emf 


(v) A charged 30 pF capacitor is connected produced in the coil. Ans. 270°V] 
to a 27 mH inductor. What is the 


UNSOLVED 
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EXAMI INS 
A HIGHLY SIMULATED SAMPLE QUESTION PAPER FOR CBSE CLASS XII EXAMINATIO! 


PHYSICS wnsowwep 


GENERAL INSTRUCTIONS 


1. All questions are compulsory. There are 33 questions in all. 
2. This question paper has five sections: Section A, Section B, Section C, Section D and Section E. 


3. Section A contains ten very short answer questions and four assertion reasoning MCQs of 1 mark 
each, Section B has two case based questions of 4 marks each, Section C contains nine short answer 
questions of 2 marks each, Section D contains five short answer questions of 3 marks each and 
Section E contains three long answer questions of 5 marks each. 


4. There is no overall choice. However internal choice is provided. You have to attempt only one of the 


choices in such questions, 


TIME : 3 HOURS. 


SECTION-A 


All questions are compulsory. In case of internal 
choices, attempt anyone of them. 


1. The electric field of an electromagnetic wave 
is given by 
E, =5107 sin(2x10°x +8,.28 x10"t) 


What is the wavelength of the 
electromagnetic wave? 


or 
Give the definition of electromagnetic wave 
and general equation of electric field in 
electromagnetic wave. 
2. Which one of the two diodes D, and D, in 
the given figure is 


[Ans. 0.32 cm] 


(i) forward biased (ii) and reverse biased? 


3. A single slit of width d is illuminated by 
violet light of wavelength 400 nm and the 


MAX. MARKS : 70 


width of the diffraction pattern is measured 
as y. When half of the slit width is covered 
and other half illuminated by yellow light of 
wavelength 600 nm, then how much the 
width of diffraction pattern becomes? 

Or 


What are the conditions for total internal 
Teflection to take place? 


- 


On which principle a transformer works? 


A 


What is the motion of charge carriers in 
forward bias and Teverse bias of a p-n.junction? 


+ Find the equivalent capacitance between the 
Points AandB in the following circuit. 


[Ans. 141 
15 yr 
i— 8 
uF alr 
1.SuF 
Or 


Cana body has charge of 1.5e, where e is 
the electronic charge? 
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7, Write the name of spectral series of 
hydrogen atom, which lies in visible range of 
electromagnetic wave. 


14, Assertion When two long straight wires are 
connected to a battery, they may come close 
to each other, 


8. The maximum voltage in AC circuit is 141 V, Reason Force of attraction acts between two 
What is the effective voltage in circuit? wires carrying current. 
Ans. 100] Answers 
or 
« é rae u. (d) 12. P i 
Voltage V and current i in AC circuit are i | © | 13. @) I © | 


given by, V =100sin(50t) V and 


i eet SECTION-B 

i= i +—|mA. Calculat 

: 200sa( 3 } culate.the:power Questions 15 and 16 are case study based questions 
dissipated in circuit. [Ans. 10 W] and are compulsory. Altempt any 4 sub parts from 

. each question. Each question carries 1 mark. 
9. Why does the conductivity of metals ; 7 . 

decrease with increase in temperature? Gauss’ Law in Magnetism 

10. Why does the width of depletion layer of p-n 15. We fa ea ea ie ate 
junction increase in reverse biasing? a8 [2G SMM; Waere J “ae the 

magnetic flux and m is the net magnetic 
fev armani a 14, two pole strength inside a closed surface. 
Assertion (A) and the other labelled It was found that, magnetic flux through a 


closed surface is always zero. Thus, we reach 
at a conclusion that magnetic monopoles do 
not exist. A bar magnet always attains 


Reason (R). Select the correct answer to these 
questions from the codes (a), (b), (c) and (d) as 


given below. north-south poles no matter how many 
(a) Both A and R are true and R is the correct times it is cut into pieces. 
explanation of A. (i) The net magnetic flux due to a bar 
(b) Both A and Rare true but Ris not the correct magnet over a closed surface is 
explanation of A. {a) zero () He 
(c) A is true but R is false. 4n 
(d) A is false and R is also false. ; (©) 4npo (@) to 
11. Assertion If Gaussian surface does not (ii) The presence of magnetic monopoles is 
enclose any charge, then E at any point on ruded out by 


the Gaussian surface must be zero. 
Reason No net charge is enclosed by 
Gaussian surface, so net flux passing 
through the surface is non-zero. 


(a) Gauss' law of electrostatics 

(b) Gauss' law of magnetism 

(c) Faraday's law 

(d) Ampere's circuital law with Maxwell's 


. dition 
12. Assertion Critical angle of light passing sas 3 : z 
beatin la iolet (iii) A bar magnet is separated four times, 

arom: glase taints ham forssiale the number of monopoles and dipoles 
Reason The wavelength of violet light is ae ae wo 
greater than the light of other colours. 7 8, 2 @ 8, 1 

13. Assertion To observe diffraction of light the (iv) The number of magnetic field lines 
size of obstacle aperture should be of the passing through a surface area normally 
order of 10~’m. is called 
Reason 10~’m is the order of wavelength of (a) magnetic field (b) electric field 


visible light. (c) magnetic flux (qd) electric flux 


a 
<i 
Si 
iS) 
Ww) 
Zz 
=] 
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(v) The dimensional Tepresentation of 
Magnetic flux density is 


(@) [MLT~?) (b) (MLT-A~"] 
() [MT*A~} (d) [MLT~*A2] 
Oscillating Charge 


16. An oscillating charge is an example of 


accelerating charge. It produces an 
oscillating electric field in space, which 
Produces an oscillating magnetic field, which 
in tum produces an oscillating electric fields 
and so on. The oscillating electric and 
Magnetic fields regenerate each other as a 
wave which propagates through space. 

x 


— Direction of wave propagation 


(i) Electromagnetic waves can be deflected 
by 
(a) only electric field 
(b) only magnetic field 
(c) Both (a) and (b) 
(d) None of the above 

(ii) Total energy density of electromagnetic 
waves in vacuum is given by the relation 

VES Be 


1 c2,1, 92 
(0) 5 cE +5 HB 


£7 4B? 
o> 


Hcrig Be 
(d) = + 
) 5 2g 
(iii) The speed of electromagnetic wave in 
vacuum depends upon the source of 
radiation 
(a) increases as we move from y-rays to radio 
waves 
(b) decreases as we move from y-rays to 
radio waves 
(c) is same for all of lhem 
(J) None of the above 
(iv) Solar radiation is 
(a) transverse electromagnetic,wave 
(b) longitudinal electromagnetic wave 
(c) stationary wave 
(d) None of the above 
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(v) A plane electromagnetic wave of 
frequency 25 MHz travels in free space 
along the x-direction. At a particular 
point in space and time, 

F=6.3 J-V/m. 
What is B at this point? 
(a) 2.1% 10°R T 
(b) 2.1% 10°R T 
() 3.5x 10°K T 
(d) 3.0x 108K T 


Answers 


15. a (db GWE le Me 
16. ()d {id fiijc (iva Ma 


SECTION-C 


All questions are compulsory. In case of internal 
choices, atlempt anyone. 


17. 


19. 


20. 


21 


A 10 kg satellite circles earth once energy 
2h in an orbit having a radius of 8000 km. 
Assuming that Bohr’s angular momentum 
postulate applies to satellites just as it does 
to an electron in hydrogen atom, find the 
quantum number of the orbit of the 
satellite. (Ans. 53 x10] 


. Why is it that while using a moving coil 


galvanometer as a voltmeter, a high 
resistance in series is required? Also draw 
the circuit diagram for a voltmeter. 


Car batteries are often rated in unit ampere 
hours. Does this unit designate the amount 
of current, energy, power or charge that can 
be drawn from the battery? Explain. 


Draw energy band diagrams for germanium 
and wood. 


Four identical cells, each of emf 8 V and 
internal resistance 2.5 Q are connected in 
series and charged by a 100 V DC supply, 
using a 24 Q resistor in series. 
Calculate 
(i) charging current in the circuit 
(ii) and potential difference across the cells 
during recharging. — [Ans. (i) 2A, ii) 52] 
Or 
Figure below shows a plot of current 
versus voltage for two different 
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materials P and Q. Which of the 
following two materials satisfies Ohm's 
law? 


22. Define the following terms and give their 
source of origin. 
(i) Plane wavefront 
(ii) Cylindrical wavefront 


23. Give any two applications of eddy currents. 
Or 
Define the following terms 
(i) Power factor 
(ii) Wattless current 


24, Derive an expression for the force between 
two long parallel current carrying 
conductors. 


25. Draw a graph to show the variation of 
stopping potential with frequency of 
radiation incident on a metal plate. How can 
the value of Planck’s constant be determined 
from this graph? 

Or 
Consider figure for photoemission. How 
would you reconcile with momentum 
conservation? Note light (photons) have 


momentum in a different direction than the 
emitted electrons. 


SECTION-D 


All questions are compulsory. In case of internal 
choices, attempt anyone. 


26. (i) Why do we need the oil drops in 
Millikan’s experiment to be of 
microscopic sizes? Why cannot we carry 
out the experiment with bigger drops? 

(ii) What happens to the wavelength of a 
photon after it collides with an 
electron? 

(iii) Can X-rays cause photoelectric effect? 


29. Two batteries with emf 12 V and 13 V are 
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277. (i) Why is the core of a nuclear reactor one 


of its most important part? 


(ii) Why is the number of neutrons in 
heavier nuclei more than the number of 
protons? 

(iii) Name the element with which control 
tods in nuclear reactors are made up. 


28. For a given lens, the magnification was 


found to be twice as large when the object 

was 0.15 m distant from it than when the 

distance was 0.2 m. What is the focal length 

of the lens? {Ans. 0.10 m] 
or 


An astronomical telescope has objective and 
eyepiece of focal lengths 40 cm and 4 cm, 
respectively. Find the distance by which the 
lenses must be separated, so that image of 
an object 200 cm away from the objective 
can be seen at infinity. Also draw the ray 
diagram. [Ans. 54 cm] 


connected in parallel across a load resistor of 
10 Q, The internal resistances of the two 
batteries are 1 and 2, respectively. The 
voltage across the load can be calculated as 
below 


Few 
ray 20 


For parallel combination of cells, 
ALF 12013 


hook 
Eq 11 
nok 


Potential drop across 10 Q resistance, 
v= gE }xs0- ae x10 
total (10+ ;) 
3 
= 11.56 V 
V=11.56V 


Now, give an alternate solution of above 
problem. 


| All/vone | PHYSICS Class 12th 


568 


Which bright fringe will be obtained at 
the same point P, if monochromatic 
light of wavelength 500 nm is used in 
place of L,? (No other alterations were 
vine made in the experimental set-up.) 
(Ans. 14] 

(ii) Monochromatic light of wavelength 

650 nm falls normally on a slit of width 

13x 107 cm and the resulting 

Fraunhofer diffraction is obtained on a 

screen. Find the angular width of the 

central maxima. [Ans, 1 rad] 


82. (i) PQ and MN are two parallel conductors 
at a distance / apart and connected by a 
resistance R as shown in figure. They are 
placed in a magnetic field B which is 
perpendicular to the plane of the 


30. In the following figures, indicate which of 
the diodes are forward biased and which are 
teverse biased? 


(ii) 


+7V 
+3V 
{its |g 
or 


A wire XY is placed over PQ and MN 
and, then made to slide over PQ and MN 
with a velocity v. Neglecting the 
resistance of PQ, MN and wire XY, 
calculate the work done per second to 
slide the wire XY. 


Predict the effect on the electrical properties conductors. 
BD i of a silicon crystal at room temperature, if ® ® Ox ®@ ee 
every millionth silicon atom is replaced by ig | 
= 4 an atom of indium. Given, concentration of ® © 0 © 
yey silicon atoms =5 x 10%m™, intrinsic carrier “a "how 
Oo concentration =1.5x 10"m~, © Te al ® © 
A H, =0.135 nm? /V-s and M ” 
2 H,, =0.048m?/V-s. ® ® @®’® © 


’ SECTION-E 


All questions are compulsory. In case of internal 
choices, allempl anyone. 


31. (i) What is the focal length of the 


combination of a convex lens of focal 
length 30 cm in contact with a concave 
lens of focal length 20 cm? Is the 
system a converging or a diverging lens? 
Ignore thickness of the lenses. 
[Ans, 60 cm] 
(ii) At what angle should a ray of light be 
incident on the face of a prism of 
refracting angle 60°, so that it just 
suffers total internal reflection at the 
other face? The refractive index of the 
material of the prism is 1.524. 
(Ans. 29°75'] 
or 
(i) In Young's double slit experiment using 
monochromatic light L, of wavelength 
700 nm, 10th bright fringe was obtained 
at a certain point P on a screen. 


(ii) Magnetic flux through a coil of 
resistance R changes by an amount Ad 
during a small time interval At. 
Calculate the total quantity of charge 
that passes through any cross-section in 
the coil during this time interval. 

Or 

(i) State the underlying principle of a 
transformer, How is the large scale 
transmission of electric energy over long 
distances done with the use of 
transformers? 

(ii) A step-down transformer operated on a 
2.5 kV line, It supplies a load with 20 A. 
The ratio of the primary winding to the 
secondary is 10 : 1. If the transformer is 
90% efficient, calculate 
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(a) the power output, 
(b) the voltage 
(c) and the current in the secondary 


coil. 
[Ans. (a) 45 x 104 W, (b) 250 V and (c) 180,A} 


33. (i) Two insulated charged copper spheres 
A and B have identical sizes and 
charge 6.5 x 10°’ C on each and their 
centres are separated by distance of 
50 cm, 

A third sphere C of same size but 
uncharged is brought in contact with 
first, then brought in contact with the 
second and finally removed from both, 
find the new force of interaction 
between spheres A and B. 
{Ans. 5.7 «107? N) 
(ii) Figure shows two identical capacitors 
C, and C;, each of 2uF capacitance, 
connected to a battery of 5 V. 
Initially switch S is closed. 
After sometime, S is left open and 
dielectric slabs of dielectric constant 
K=5are used and inserted to fill 
completely the space between the 
plates of the two capacitors. 
How will the (a) charge and 
(b) potential difference between the 
plates of the capacitors be affected 


after the slabs are inserted? 
{Ans. (b) 1 V] 


Cy os 
Tene Tene 


5sv=. 


or 

(i) Intensity of electric field at a 
perpendicular distance of 0.5 m from an 
infinitely long line charge having linear 
charge density (A) is 36x 10° Vm™'. Find 
the value of 2. [Ans. 1077 cm] 

(ii) Three equal charges of 5.0 tC each are 
placed at the three vertices of an 
equilateral triangle of side 5.0 cm each. 
Calculate the electrostatic potential energy 


of the system of charges. 
[Ans, 13.5 J] 


(iii) A hollow conducting sphere is placed in an 
electric field produced by a point placed at 
P as shown in figure. 


Let V,, V, and V, be the potentials at 
points A, B and C respectively. 
Then, find out the relation between V,, Vp 


and V;,. 


GaATOSNA 
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a 4 !, S 
A HIGHLY SIMULATED SAMPLE QUESTION PAPER FOR CBSE CLASS XI EXAMINATIONS 


PHYSICS wnso.vep) 


GENERAL INSTRUCTIONS. 


(2) 
a 
S 
Ze 
45) 


1. All questions are compulsory. There are 33 questions in all. , 
2. This question paper has five sections: Section A, Section B, Section C, Section D and Section E. 


3. Section A contains ten very short answer questions and four assertion reasoning MCQs of 1 mark 
each, Section B has two case based questions of 4 marks each, Section C contains nine short answer 
questions of 2 marks each, Section D contains five short answer questions of 3 marks each and 
Section E contains three long answer questions of 5 marks each. 


4, There is no overall choice. However internal choice is provided. You have to attempt only one of the 


choices in such questions. 


TIME : 3 HOURS 


SECTION-A 


All questions are compulsory. In case of internal 
choices, attempt anyone of them. 


1. The north pole of a long horizontal bar 
magnet is being brought closer to a vertical 
conducting plane along the perpendicular 
direction. What will be the direction of 
induced current in the conducting plane? 

Or 


An alternating voltage is connected in series 
with a resistance R and inductance L. If the 
potential drop across the resistance is 200 V 
and across the inductance is 150 V, then find 
the applied voltage. [Ans, 250 V) 


2. If the energy of a photon of sodium light 
(4 =580nm) equals the band gap of 
semiconductor, then find the minimum 
energy required to create hole-electron pair. 
tAns. 2.1 eV 


3. What is the effect of heating of a conductor 
on the drift velocity of free electrons? 


4. Two charges 5C and 10pC are placed 1m 


apart. What amount of work is done to bring 
these charges at a distance 0.5 m from each 
other? (k=9x10°S]) fAns.9 x1071j) 
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5. What is the de-Broglie wavelength of a 
electron accelerated through a potential 
difference of 100 V? TAns. 1.227 A] 

Or 
In what way has the wave nature of electron 
beam exploited in electron microscope? 


6. A galvanometer having internal resistance 
10Q requires 0.01 A for a full scale 
deflection, To convert this galvanometer to a 
voltmeter of full scale deflection at 120 V, 
what value of series resistance is needed? 

[Ans, 11990.) 


7. The electron in hydrogen atom is initially in 
the third excited state, What is the 
maximum number of spectral lines which 
can be emitted when it finally moves to the 
ground state? (Ans. 6) 


8. Give any two characteristics of 
semiconductor material. 


9. Give the ratio of radii of the orbits 
corresponding to second excited state and 
ground state in a H-atom, tans. 9:1 

Or What is the ratio of nuclear densities of the 
two nuclei having mass numbers in the ratio 
1:4? tans. 1:1 
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10. Graph given below shows the variation of 
current versus voltage for a material GaAs. 


! 
Current 


= 
Voltage V 


Identify the region of negative resistance. 
or 


Kow is current kept continuous inside a 
conductor of finite length? 


For question numbers 11, 12, 13 and 14, two 
statements are given-one labelled 
Assertion (A) and the other labelled 
Reason (R). Select the correct answer to these 
questions from the codes (a), (b), (c) and (d) as 
given below. 
(a) Both A and R are true and R is the correct 
explanation of A. 
(b) Both A and Rare true but Ris not the correct 
explanation of A. 
(c) Ais true but R is false. 
(d) Ais false and R is also false. 


11 


Assertion Ferromagnetic substances are 
those which gets strongly magnetised when 
Placed in an external magnetic field. 
Reason The individual atoms (or ions or 
molecules) in a ferromagnetic material 
Possess a dipole moment as in a 
paramagnetic material. 


Assertion E in outside vicinity of a 
conductor depends only on the local charge 
density o and it is independent of the other 
charges present anywhere on the conductor, 
Reason E in outside vicinity of a conductor 
ne 6 
is given by —, 

g y Ep 
Assertion If a plane glass slab is placed on 
the letters of different colours all the 


letters appear to be raised up to different 
height. 


12 


13 
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Reason Different colours have different 
wavelengths. 


14. Assertion The drift velocity of electrons in a 
metallic wire decreases when temperature of the 
wire is increases, 

Reason On increasing temperature, 
conductivity of metallic wire decreases. 


Answers 


1. (o | 12. (d) | 13. (a) |r. ¢o) | 


SECTION-B 


Questions 15 and 16 are case study based questions 
and are compulsory. Attempt any 4 sub parts from 
each question. Each question carries 1 mark. 


Electrical Resonance 


15. Electrical resonance is said to take place in a 
series L-C-R circuit when the circuit allows 
maximum current for a given frequency of 
the source of alternating supply for which 
capacitive reactance becomes equal to the 
inductive reactance. Impedance of this L-C-R 
circuit is minimum and hence current is 
maximum. Resonant circuits are used to 
tespond selectively to signals of a given 
frequency while discriminating against 
signals of different frequencies. If the 
response of the circuit is more narrowly 
peaked around the chosen frequency, we say 
that the circuit has higher “selectivity or 
sharpness”. This sharpness is measures with 
the help of Q-factor. 

(i) Bandwidth of the resonant L-C-R circuit 
is 


R 
(a) i (b) R/2L 


2R 4R 

() 5k (a) T 

(ii) To reduce the resonant frequency in an 
L-C-R series circuit with a generator 
(a) the generator frequency should be reduced 


(b) another capacitor should be added in 
parallel to the first 


{c) the iron core of the inductor should be 
removed 


(d) dielectric in the capacitor should be 
temoved 


S 
Z 
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(iii) Ina series 1-C-R circuit, the capacitance 
C is changed to 4C. To keep the 
Tesonant frequency same, the inductance 
must be changed by 
{ay2L (b) L/2 
(c)4L (d) L/4 

(iv) In non-resonant circuit, what will be the 
nature of circuit for frequencies higher 
than the resonant frequency? 

(a) Resistive (b) Capacitive 
(c) Inductive (d) None of these 

(v) Figure shows a series L-C-R circuit, 
connected to a variable frequency 200 V 
source. C =801F and R=40Q. The 
source frequency which drives the 
circuit at resonance is 

L=5H 

TOOTS. 


(a) 25 Hz 


(c) 50 Hz (d) —Hz 


Dual Nature of Matter 


16. Matter cannot exist both as a particle and as 
a wave simultaneously. At a particular 
instant of time, it is either the one or the 
other aspect, i.e. the two aspects are 
complementary to each other. 

According to de-Broglie, a wave is associated 
with moving material particle which controls 
the particle in every respect. The wave 
associated with moving material particle is 
called matter wave or de-Broglie wave whose 
wavelength is called de-Broglie wavelength. 
(i) The de-Broglie wave of a moving particle 
does not depend on 
(a) mass (b) charge 
(c) velocity (d) momentum 
(ii) The de-Broglie wavelength of a particle 
of KE, K is 2. What will be the 
wavelength of the particle, if it's kinetic 


ergy is —? 
ner $ 
energy 9 


(b) 20 
(d) 4a 


(a) 2 
(c) 3A 
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(iii) Which of the following figures Tepresent 
the variation of particle momentum ang 
the associated de-Broglie wavelength? 


of p 
(a) I (b) 
ae eg as a 
Pp a] 
©) ' () 
=r =r 


(iv) de-Broglie wavelength associated with 
an electron, accelerating through a 
potential difference of 100 V lies in the 
tegion of 
(a) Gammarays —(b) X-rays 
{c) Ultraviolet rays (d) Visible region 

(v) A proton and an o-particle are 
accelerated through the same potential 
difference. The ratio of de-Broglie 
wavelength A, to that of A, is 


(a) V2.1 (o) Vas 
() Ve :1 (a) V8:1 
Answers 


15. 0b (ib tid We Wb 
16. Mb Gide Wb (Wb Wd 


SECTION-C 


All questions are compulsory. In case of internal 
choices, attempt anyone. 


17, Write two characteristic features to 


distinguish between n-t je and p-type 
semiconductors, oad 


18, A rectangular loop of length / =2m and 
readth b=0.3m is placed at distance of 
x=0.6m from infinitely long wire carrying 
current, I= 2A such that the direction of 
Current is parallel to breadth, If the loop 
Moves away from the current wire ina 
direction Perpendicular to it with a velocity 
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v=3ms"', what will be the magnitude of emf 
in the loop? (Ans. 461x107 YJ 
or 

A resistance of 20.Q is connected to a source 

of alternating current rated 110 V, 50 Hz, 

Find the 

(i) rms current 

(ii) maximum instantaneous current in the 
resistor TAns. (i) 5.5 A, (i) 7.8 A 


19, Name the part of the electromagnetic 
spectrum which is 
(i) suitable for radar systems used in 
aircraft navigation. 


(ii) produced by bombarding a metal target 
with high speed electrons. 

20. How many electrons pass through a lamp in 
1 min, if the current is 300 mA? Given, the 
charge on an electron is 1.6 x107"C, 

(Ans. 1125 x107°q 

or 
Find the current flow through a copper wire 
of length 0,2 m, area of cross-section 
1 mm’, when connected to a battery of 4 V. 
Given that, for electron mobility is 
4.5x 10" °m?sv" and charge on an 
electron is 1.6x10-C. The number densi 
of electrons in copper wire is 8.5 x 10 m~. 
(Ans. 1,22 A] 


21, Give any two differences between electric 
charge and mass. 


22. Two lenses of power 10D and —5D are placed 
in contact. 
(i) Calculate the power of lens combination. 
[Ans, 5D] 
(ii) Where should an object be held from the 
lens, so as to obtain a virtual image of 
magnification 2? {Ans, - 10 cm] 


23, Draw a labelled graph to show, how electrical 
Tesistance varies with temperature for 
(i) a metallic wire 
(ii) a piece of carbon. 


24, State Bohr's postulate of hydrogen atom that 
gives the relationship for the frequency of 
emitted photon in a transition. 

Or 
Would the Bohr’s formula for the H-atom 
remains unchanged, if proton had a charge 
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(+4/3) e, and electron had a charge (-3/4)@, 
where, e=1.6 x 10" C., Give reasons for 
your answer. 


25. Even though an electric field £ exerts a force 
gE on a charged particle yet electric field of 
an electromagnetic wave does not contribute 
to the radiation pressure (but transfers 
energy). Explain. 


SECTION-D 


All questions are compulsory. In case of internal 
choices, altempl anyone. 


26. (i) Why is the mass of a nucleus always less 
than the sum of masses of constituents, 
neutrons and protons? 

(ii) What is obtained by fusion of two 
deuterons? 

(iii) }He and-?He nuclei have the same 
mass number . 
Do they have same bindng energy? 


27. (i) A diverging lens of focal length f is cut 
into two identical parts, each forming a 
plano-convex lens. What is the focal 
length of each part? [Ans. 27] 

(ii) A ray of light passes through an 
equilateral glass prism such that the 
angle of incidence is equal to angle of 
convergence and each of these angles is 


equal to : of angle of prism. What is the 


value of angle of deviation? —_[Ans. 30°} 


28. A straight wire carrying a current of 10 A is 
bent into a semi-circular arc of radius 2.0 cm 
as shown in the figure. What is the magnetic 
field at 0 due to 

(i) straight segments 
(ii) the semi-circular arc? 


sel ges lies 


or 
(i) A circular coil of wire consisting of 100 
turns, each of radius 8.0 cm carries a 
current of 0.40 A. What is the 
Magnitude of magnetic field at the 
centre of the coil? fAns. 314x107 T] 
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i ; ei H tric shock, if he touches 
(ii) PQ is a long straight conductor carrying he get an elec! hes 
a current of 3A as shown in figure the metal sheet next morning? [Ans. Yes 
below. An electron moves with a velocity (ii) Two identical capacitors of plate 
of 2x10’ ms”! parallel to it. Find the dimensions | x b and plate separation d 


force acting on the electron. 2 
[Ans. 32 «10-1? NI 


lene 


0.6m—> 


have dielectric slabs filled in between 
the space of the plates as shown in the 


pl figures. 


3A 


Q 


29. (i) Out of blue and red lights, which is 
more deviated by a prism? Give reason. 
(ii) Give one application of prism. 
(iii) If a prism of 5° angle gives deviation of 


Find the ratio capacitance in each case. 
(iii) In SI unit, V at a point in an electric 


acct 6 
3.2°, then what will be the refractive field is given by V = = 2. Find the 
index of prism? Rea value of E in the field at the point 
30. (i) What is the ratio of the number of holes (2, 0, 0). [Ans. 1.5 units} 
and the number of conduction electrons Or 


in an intrinsic semiconductor? 


State Gauss’s law in electrostatics. 
(ii) Draw the energy band diagram of n-type 


The electric field components in figure 


(2) 
= 
> 
Z 


semiconductor. shown are E, = ox", F, =£, =0 in which 
(iii) Draw J versus V graph of a forward a =800N/Cm“, 
biased junction diode. 


Or 
If each diode in figure has a forward bias 


resistance of 25 and infinite resistance in as}! ie 
reverse bias, what will be the values of the pl ° 
currents [,,f,,1, and I,? a a . 
[Ans. 0.05 A, 0.025 A, 0 A, 0.05 Al = 
yale 125W oy 2 
ly 125W Calculate 
c pe D (i) the electric flux through the cube 
A bk f (ii) the charge within the cube 
h 25W" where, the side of cube= 0.1 m. 
ow (Ans. (i) 1,05 Nm2C7}, i) 9.2 x10-7CI 
5 
32, What is diffraction of light? 
I ; ight? Draw a graph 
SECTION-E aneng the variation of intensity with 
i angle in a single slit diffracti riment. 
All questions are compulsory. In case of internal J 9) diffraction expe! 
pines altempt anyone. Write one feature which distinguishes the 


observed pattern from the double slit 
interference pattern, 


How would the diffraction pattern of a 
Single slit be affected when 


31. (i) A aluminium sheet of area 1m? is fixed 
on the top of a 2m insulating slab by a 
man outside his house one evening. Will 
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(i) the width of the slit is decreased? 

(ii) the monochromatic source of light is 
replaced by a source of white light? 

or 

(i) In Young's double slit experiment, the 
intensity of central maxima is J. What 
will be the intensity at the same place, 
if one slit is closed? 


(ii) Monochromatic light is incident on a 
glass prism of angle A. If the refractive 
index of the material of the prism is 
and ray incident at an angle 0, on the 
face PQ. Now prove that, the ray only 
get transmitted through the face PR of 


prism, if @> sin” [ss (4 -sin™ al) 


Pp 
ras 


rai R 
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(iii) Write conditions for sustained 
interference. 


33. An electron beam passes through a region in 
which a magnetic field of 2x 107 T and an 
electric field 3.4 x 10* V/m both acting 
simultaneously at right angles to each other. 
If the path of the electron remains 
undeflected, calculate the speed of the 
electrons. If the electric field is removed, 
what will be the radius of the circular path 
of electrons? [Ans. 7 x 107 ms and 5 cm] 

Or 

(i) The magnetic field B and the magnetic 
intensity H in a material are found to be 
1.6 T and 1000 Am“, respectively. 
Determine the relative permeability pn, 
and the susceptibility x,, of the 
material. Tans. 127 x 103] 

(ii) A solenoid of 600 turns per metre is 
carrying a current of 4 A. Its core is 
made of iron with relative permeability 
of 5000. Calculate the magnitudes of 
magnetic intensity, intensity of 
magnetisation and magnetic field inside 
the core. [Ans. 157] 


GAATOSNIY 


UNSOLVED 
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A HIGHLY SIMULATED SAMPLE QUESTION PAPER FOR CBSE CLASS XI EXAMINATIONS 


~EYSICS cnsowved) 


GENERAL INSTRUCTIONS 
1. All questions are compulsory. There are 33 questions in all. 
2. This question paper has five sections: Section A, Section B, Section C, Section D and Section E. 


3. Section A contains ten very short answer questions and four assertion reasoning MCQs of 1 mark 
each, Section B has two case based questions of 4 marks each, Section C contains nine short answer 
questions of 2 marks each, Section D contains five short answer questions of 3 marks each and 
Section E contains three long answer questions of 5 marks each. 


4. There is no overall choice. However internal choice is provided. You have to attempt only one of the 


choices in such questions. 


TIME : 3 HOURS 


SECTION-A 


All questions are compulsory. In case of internal 
choices, attempt anyone of them. 


Two long straight wires are set parallel to 
each other. Each carries a current in the 
same direction and the separation between 
them is 2r. Find out the intensity of the 
magnetic field mid-way between them. 

[Ans. 0] 
When the voltage drop across a p-n junction 
diode is increased from 0.65 V to 0.70 V, the 
change in the diode current is 5 mA. What is 
the dynamic resistance of diode? Ans. 10 9] 
What are the dark lines seen in the solar 
spectrum called? 
Draw the graphs that shows in a pure resistor, 
the voltage and current are in phase? 
A plot of angle of deviation D versus angle 
of incidence, for a triangular prism is shown 
below 


a 
3 


tps 


Angle of deviation 


30° 45° 60" 
Angle of incidence 
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Calculate the angle of incidence for which 
the light ray travels parallel to the base. 

Or 
A slit of size 0.15 cm is placed at 2.1 m from 
a screen. On illuminating it by a light of 
wavelength 5x 10~* cm, calculate the width 
of central maxima. 


G. When an electron jumps from the orbit n=2 
ton=4, then calculate the wavelength of 
the radiations absorbed. (R is Rydberg's 
constant) [Ans, 16/3R} 

Or 
Two nuclei have mass numbers in the ratio 
125 : 216, what is the ratio of their radii? 
Ans. 5/6] 


2m long wire is moved with a velocity 
1 ms” in a magnetic field of intensity 
0.5 Wom in a direction perpendicular to 
the field. What is the value of emf induced? 
[Ans. 1 V1 
Or If an AC main supply is given to be 220 V, 
then what would be the average emf during 
a positive half-cycle? [Ans. 198 M 


8. Write the formula for kinetic mass of a 
Moving photon, 
9. The energy band diagrams for two 
Semiconductor samples of silicon are a5 
shown below 
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Electron 
Eg |energy 


g BZ Wy), 
What will you infer from the above 
diagrams? 


10, What is the angle of refraction made bya 

: ray of light inside a prism, i.e, an equilateral 

glass prism in the minimum deviation? 
Ans, 30°] 

Or 
Two monochromatic light waves of same 
amplitudes of 2 A interferring at a point have 
a phase difference of 60°. What is the relation 
between intensity and amplitude? 

Ans. f 12 A4] 


For question numbers 11, 12, 13 and 14, two 
statements are given-one labelled 
Assertion (A) and the other labelled 
Reason (R). Select the correct answer to these 
questions from the codes (a), (b), (c) and (d) as 
given below. 
(a) Both A and R are true and R is the correct 
explanation of A. 
(b) Both A and Rare true but Ris not the correct 
explanation of A. 
(c) Ais true but R is false. 
(d) A is false and R is also false. 


11, Assertion Ferromagnetic substances are 
those which gets strongly magnetised when 
Placed in an external magnetic field. 
Reason The individual atoms (or ions or 
molecules) in a ferromagnetic material 
Possess a dipole moment as in a 
Paramagnetic material, 


12, Assertion Resonance phenomenon is 
exhibited by a circuit only, if both £ and C 
are present in the circuit, 


Reason Voltage across L and C cancel each 
other and the current amplitude is V,,/R, the 


total source voltage appearing across R causes 
Tesonance, 


13 Assertion Heinrich Hertz observed that high 
voltage spark across detector loop were 
enhanced when the emitter plate was 
illuminated by UV-light. 
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Reason Light shining on the metal surface 
facilitate the escape of free electrons, 


14 Assertion The applied voltage (in forward 
bias of a p-n junction) mostly drops across 
the depletion region and the voltage drop 
across the p-side and n-side of the junction 
is negligible. 

Reason Resistance of depletion region is 
large compared to resistance of n or p-side. 


SECTION-B 


Questions 15 and 16 are case study based questions 
and are compulsory. Attempt any 4 sub parts from 
each question. Each question carries 1 mark. 
Microscope 


15, The instruments like microscope, telescope, 
etc., which are used to assist the eye in 
viewing an object are known as optical 
instruments. 

Microscope is used to see very small object. 
It forms a large image of closed and minute 
objects, 


There are of two types; simple microscope 
and compound microscope 

Simple microscope consists of a single 
convex lens (converging lens) of small focal 
length. In this type of microscope, when an 
object is at a distance less than the focal 
length of the lens, the image obtained is 
virtual, erect and magnified. 


On the other hand, compound microscope 
consists of two convex lenses coaxially 
separated by some distance. The lens nearer 
to the object is called the objective. The lens 
through which the final image is viewed is 
called the eyepiece. 
(i) Which one of the following statements 
is incorrect? 
(a) A simple magnifier or microscope is a 
converging lens of small focal length. 
(b) For microscope the magnification in case 
of image formed at infinity is one more 


than the magnification when image is at 
the near point. 

(c) For larger magnifications, one uses two 
lenses, one compounding the effect of the 
other. This is known as a compound 
microscope. 
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(d) The lens nearest the object is called 
Objective and the lens near eye Is called 
eyepiece, 

(ii) In order to increase the angular 
Magnification of a simple microscope, 
one should increase 
{a) the object size 
(6) the aperture of the tens 
(c) the focal length of the lens 
(d) the power of the lens 

(iii) The image formed by an objective of a 
compound microscope is 
(8) virtual and diminished 
(b) real and diminished 
(c) real and enlarged 
(d) virtual and enlarged 

(iv) For realistic focal length, a simple 
microscope has a limited maximum 
magnification 
(a) greater than9 — (b) lesser than 9 
(c) equal to 9 (d) Both (b) and (c) 

(v) A compound microscope has an 
objective with magnification 20, an 
eyepiece with magnification 12.5 anda 
tube length of 20 cm, then the 
magnification of this microscope is 
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electrolytic solution, the charges are 
exchanged between 
(a) positive electrode and electrolyte only 
(b) negative electrode and electrolyte only 
(c) Both electrodes and electrolytes 
(d) directly between two electrodes 
(ii) The current flowing in the cell is 
@i=— r= 4t 
Ree € 
R 


= (d) T=rh 
() I = (d) T=rle 


(iii) The maximum current that can be draym, 
from a cell is for 


(a) A =infinity 
(b) inite non-zero resistance 
() R=0 () R=r 


(iv) When R is infinite, then potential 
difference V between P and N is 
(a) € (b) 2e 
(c) /2 (d) e/4 

(v) For the given circuit, if the cell has an 
emf of 2V and the internal resistance of 
this cell is 0.1.9, it is connected to 
Tesistance of 3.9, the voltage across 
the cell will be 


(a) 200 (b) 250 (a) 1.95V (b) 1.5V 
(c) 100 (d) 150 (c) 2V (qd) 1.8V 

EMF of a Cell 
SECTION-C 


16. An electric cell is a source of energy that 
maintains a continuous flow of charge.in a 
circuit. It changes chemical energy into 
electrical energy. It has two electrodes, 


All questions are compulsory. In case of internal 
choices, attempt anyone. 


17. What is the difference between the values of 


positive electrode (PA) and negative 
electrode (NB) as shown below. 

Electric cell has to do some work in 
maintaining the current through a circuit, 


Potential difference across the two terminals 


of a cell in an open circuit and closed 
circuit? 


i i i Or 
The work done by the cell in moving unit . ae . . 
positive charge through the whole circuit Define mobility of a charge carrier. vine the 
(including the cell) is called the relation expressing mobility in terms o| 
electromotive force (emf) of the cell. telaxation time, Give its SI unit. 


A, 18. (i) Define one testa using the expression of 


the magnetic force acting on a particle 

of charge q moving with velocity v in@ 

Magnetic field B. 

Electrolie (ii) Is it possible to decrease or increase the 

Tange of given voltmeter? Explain it- 

Or Two identical magnets with a tength 100 ¢™ 
are arranged freely with their like poles 
facing in a vertical glass tube. The upper 


(i) When two electrodes (positive and 
negative) of a cell are immersed in an 
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angs in air above the lower one so 
Se afenes between the nearest poles 
of the magnet is 3 mm. If the pole strength 
of the pole of these magnets is 6.64 A-m, 
then determine the force between the two 
magnets. (Ans.. F=0.49 N] 


19. Complete the following fission reaction and 
how do we calculate the amount of energy it 
releases? 

Int PU GSr+ B8Xe+? 

20. A ray of light is normally incident on one 
face of an equilateral prism. Trace the course 
of the ray through the prism and emerging 
from it. (4, =3/2) 


21, (i) Identify the electromagnetic waves 
whose wavelengths vary as 
(a) 10°’ m<A<10% m 
(b) 10?m<A<10'm 
fAns. (a) X-ray, (b) radio wave} 
(ii) Describe the displacement current. 


22. Consider two hollow concentric spheres S 
and $, enclosing charges 20 and 40 
Tespectively as shown in the figure. 


40 


Ss; So 


(i) Find out the ratio of the electric flux 
through them. fAns. 1: 8] 
(ii) How will the electric flux through the 
sphere 5, changes, if a medium of 
dielectric constant ¢, is introduced in 
the space inside S, in place of air. 
Deduce the Necessary expression. 
[Ans. 2Q/eg€,] 
23. Suppose a pure Si crystal has 
5x 10° atoms m~. It is doped by 
1 ppm concentration of pentavalent. 
Calculate the number of electrons and holes. 
Given that, n; =1.5x10" m=, 
Tans. ne =5 107? m7, ny = 4.5 109m] 
Or Assuming that the two identical diodes D, 
and D, are used in the electric circuit as 
shown in the figure are ideal. Find out the 
Value of current flowing through 1Q 
Tesistor, Ans. (30/11) A] 
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24. Answer the following questions. 

(i) In any AC circuit, is the applied 
instantaneous voltage equal to the 
algebraic sum of instantaneous voltage 
across the series elements of the circuit? 
Is the same true for rms voltage? 

(ii) An applied voltage signal consists of 
Superposition of a DC voltage and an AC 
voltage of high frequency, The circuit 
consists of an inductor and a capacitor 
in series. Show that the DC signal will 
appear across C (capacitor) and the AC 
signal across L (inductance), 


25. An AC input signal of frequency 60 Hz is 
rectified by 
(i)half-wave and (ii) full wave rectifier. 
Draw the output waveform and write the 


output frequency in each case, 
[Ans. (i) 60 Hz, (ii) 120 Hz] 


SECTION-D 


All questions are compulsory. In case of internal 
choices, attempt anyone. 


26. A neutron of mass (1m) = 1.66 x 10°? kg 
having energy (E) =8.28 x107'J at 127°C 
is moving in a waveform, then its de-Broglie 
wavelength can be calculated as. 
(given, Boltzmann constant, 
k=138 x 10°" mol! K* 
and Planck's constant, h= 6.63 x 10" J-s,] 
ret 6.63 x 107 


VomE fx 166x107 x828 x10 


4 = 1.264 x10"? m 
=1264A 


If the energy of neutron will not be given, 
then suggest an alternative method to find 
the wavelength. [Ans. 1.2644] 


580 | Allz#one | PHYSICS Class 19, 


or 
A current carrying loop consists of 3 
identical quarter circles of radius R, lying in 
the positive quadrants of the x-y, y-z and 2 
planes with their centres at the origin, 
joined together. Find the direction and 
magnitude of B at the origin. 


80.. (i) When four hydrogen nuclei combine to 


27. (i) Ife, & 41g are the electric permittivity & 
magnetic permeability of free space and 
© & are the corresponding quantities 
in the medium. Find the index of 
refraction of the medium in terms of 
above parameter. [Ans. (tet gto) 


(ii) An electromagnetic wave is travelling in 


v2 


vacuum with a speed of 3x 10° m/s. 
Find the velocity in a medium having 
relative electric permittivity and 
magnetic permeability 2 and 1, 
Tespectively. [Ans, 2 «108 m/s} 


2 


28. (i) A charged particle is free to move in an 


electric field. Will it always move along 
the line of force? 


(i) Two point charges of unknown 
magnitudes and signs are placed at a 
distance apart. The electric field is zero 
at a point, not between the charges but 
on the line joining them. Write two 


form a helium nucleus, estimate the 
amount of energy in MeV released in 
this process of fusion. (Neglect the 
masses of electrons and neutrinos), 
Given, mass of }H= 1.007825 u and mass 
of helium nucleus = 4.002603 u. 
(Ans. 26.72 Mey 
(ii) A proton and an electron have same 
kinetic energy. Which one has greater 
de-Broglie wavelength and why? 


SECTION-E 


All questions are compulsory. In case of internal 
essential conditions for this to happen. choices, attempt anyone. 
Or A parallel plate capacitor of capacitance C is 


31. (i) A rod of length / i d horizontally 
charged to a potential V by a battery. Without @) A‘tad ofteng eid dabprmgeartinat! 


disconnecting the battery, the distance 
between the plates is tripled and a dielectric 
medium of K = 10 is introduced between the 
plates of the capacitor. Explain giving reasons, 
how will the following be affected 

(i) capacitance of the capacitor, 

(ii) charge on the capacitor and 
(iii) energy density of the capacitor. 

{Ans. (i) 10/3 C, (ii) 10/3 CV and (iti) 10) 


A beam of equally charged particles after 
being accelerated through a voltage V 
enters into a magnetic field B as shown in 
figure. It is found that all the particles hit 
the plate between X and Y, then what is the 
ratio between the masses of the heaviest and 
lightest particles of the beam? 

[Ans. mymy = (a+ b)? / a] 


cee 
P 


with a uniform velocity v in a direction 
perpendicular to its length through a 
tegion in which a uniform magnetic 
field is acting vertically downward. 
Derive the expression for the emf 
induced across the ends of the rod. How 
does one understand this motional emf 
by involving the Lorentz force acting on 
the free charge carriers of the 
conductor? Explain. 


(ii) With the help of a neatly drawn labelled 
diagram, prove that the magnitude of 
motional emf e is given by e= Bly, where 
Tis the length of a metallic rod and v is 
the velocity with which it is pulled in a 
transverse magnetic field B. 


Or (i) When an AC source is connected to an 


ideal inductor, show that the average 
power supplied by the source over a 
complete cycle is zero. 


(ii) Three electrical circuits having AC 
sources of variable frequency are show" 
in the figures. Initially, the current 
flowing in each of these is same. If the 
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frequency of the applied AC source is (b) How will the fringe pattem change, 


increased, then how will the current if the screen is moved away from the 
flowing in these circuits be affected? slits? 


Give the reason for your answer. 33. (i) Two bars of radii r and 2r are kept in 


R Aa. a contact as shown in the figure. An 

[ e | | electric current J is passed through the 
5 D rN bars. Find the ratio of heat produced in 
E Ee E bars AB and BC, 


32. (i) Double convex lenses are to be 
manufactured from a glass of refractive 
index 1.55 with both faces of the same pila 
radius of curvature. What is the radius 
of curvature required, if the focal length 
is 30 cm? (Ans, 33 cm] 


— 12 


(ii) Two conducting wires A and B of same 


(i) A Cassegrain telescope (reflecting diameter but different materials are 


telescope) uses two mirrors as shown in 
figure below. Such a telescope is built 
with the mirrors 20 mm apart. If the 
radius of curvature of the large mirror is 
220 mm and of the small mirror is 

140 mm, then where will be the final 
image of an object at infinity? 


Objective 
‘mirror (C) 


Secondary 
mirror 


7 
Eyepiece 


Or 
(i) Ina single slit diffraction experiment, a 
slit of width d is illuminated by red 
light of wavelength 650 nm. For what 
value of d will 
(a) the first minimum fall is at an angle 
of diffraction of 60° and 
(b) the first maximum fall is at an angle 
; of diffraction of 60°? 

(i) In Young's double slit experiment, the 
two slits 0.15 mm apart are illuminated 
by monochromatic light of wavelength 
450 nm. The screen is 1.0 m away from 
the slits, 

(a) Find the distance of the second 
I. bright fringe 
TL and dark fringe from the central 
Maxima. 


joined in series across a battery. If the 
number density of electrons in A is that 
in y, find the ratio of drift velocity of 
electrons in the two wires. 


(iii) A secondary cell after a long use has an 


emf of 1.9 V and a large internal 
resistance of 3800. What maximum 
Current can be drawn from the cell? 
Could the cell drive the starting motor 
of a car? 
Or 
(i) Find the emf of the battery shown in 
the figure: 


[Ans. 6 V] 
W ev 3V 
{+t 


(ii) In the circuit given F, and E, are two 
cells of emfs 4 V and 6 V Tespectively, 
having negligible internal resistances, 
Applying Kirchhoff's laws of 


electrical networks, find the values of J a 
Ans. =0.5A and!) =0.25 A] 


and J,. 
4 poh 


48 
Ey=4aV E,=6V 


+h) 
ning 


R,=2.0 Ry=12.0 


F D 


(Ans. 0.005 A] 
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